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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a solid carrier multiplying stage 
which further prevents a dark current noise, together with its method as 
well as a sensor which incorporated the multiplying state. 
SOLUTION: Related to an electric charge amplifying device with which a 
channel existing the whole range and in a depleted semiconductor 
volume (for example, charge accumulated area of optical sensor) passing 
a high electric- field area causes a single stage of impact ionization with 
no avalanche, the high electric-field area is separated from the region of 
moving carrier to minimize occurrence of the dark current noise. A 
sensor incorporating it is provided as well. Related to a method for 
multiplying the electric charge of a storage well, a multiplication well is 
provided below an electric charge multiplication gate electrode to 
receive a high electric field, while the electric charge is transferred from 
the storage well to the multiplication well for generating additional 
electric charge by a single stage of impact ionization. Here, the 
additional electric charge is added to an initial electric charge to form a 
multiplication electric charge. 
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CLAIMS 



[Claim(s)] 

[Claim 1] photosensitive area; — channel stopper; which limits the 1 section aforementioned sensitization area 
at least — the solid-state image consolidation equipment with which it has high electric-field carrier 
multiplication area; which exists in the 1 section aforementioned photosensitivity area at least, and said carrier 
multiplication area ceased to exist above said channel stopper in anywhere. 

[Claim 2] Solid-state image consolidation equipment according to claim 1 with which said carrier multiplication 
field is demarcated by the longitudinal direction gap between one pair of insulated electrodes. 
[Claim 3] Solid-state image consolidation equipment according to claim 1 located in the semi-conductor volume 
by which said carrier multiplication field was depletion-ized thoroughly. 

[Claim 4] carrier multiplication area; which could impress high electric field since induction of the impact 
ionization was carried out — optical carrier accumulation area; containing the semiconductor material of the 1st 
conductivity type — the solid-state light-sensitive device with which it has structure; of the equipment with 
lA^hich the multiplication of the charge accumulated on said accumulation area was made to be carried out in said 
multiplication area, and said carrier multiplication area ceased to exist above said channel stopper in anywhere. 
[Claim 5] The solid-state light-sensitive device according to claim 4 with which said carrier multiplication field is 
demarcated by the longitudinal direction gap between one pair of insulated electrodes. 

[Claim 6] The solid-state light-sensitive device according to claim 4 located in the semi-conductor volume by 
which said carrier multiplication field was depletion-ized thoroughly. 

[Claim 7] charge storing well; restrained by the longitudinal direction and said well — carrier multiplication field; 
to which high electric field are impressed so that induction of the impact ionization of a carrier may be carried 
out inside — containing — said multiplication field — perfect — said well — the solid-state charge amplifying 
device structure which exists inside. 

[Claim 8] Solid-state charge amplifying device structure according to claim 7 where said carrier multiplication 
field is demarcated by one pair of insulated inter-electrode longitudinal direction gaps. 

[Claim 9] Solid-state charge amplifying device structure according to claim 7 where it is located in the semi- 
conductor volume by which said carrier multiplication field was depletion-ized thoroughly. 
[Claim 1 0] Said at least one pair of electrodes which made it at least one pair of electrodes, and have been 
arranged so that induction of the high longitudinal direction electric field may be carried out into the volume of 
the semiconductor material depletion-ized when bias was carried out; it is the solid-state charge amplifying 
device structure containing equipment structure; of the addition which transmits a carrier along the path which 
does not allow an avalanche event although the impact ionization of a single event allows in said high electric- 
field field, 

[Claim 11] Said at least 1 pair of electrode; arranged so that induction of the high longitudinal direction electric 
Field may be carried out into the volume of the semiconductor material depletion-ized when it was made at least 
one pair of electrodes and bias was carried out mutually is included. Said electrode pair fully approaches said 
depletion-ized semiconductor material, and is located so that said semiconductor material may be allowed 
impact ionization, when bias of said electrode pair is carried out mutually. Solid-state charge amplifying device 
structure where the field where said electric field are high enough is fully so small that said impact ionization is 
allowed, and the probability of an avalanche is zero substantially. 

[Claim . 12] The gate electrode with which it was made the sensor containing at least one eel, and it was crossed, 
it has been arranged in insulation, and opening was formed on the channel; aforementioned channel by which said 
eel was formed in the substrate; said sensor containing charge multiplication gate electrode structure; prepared 
in insulation into on said opening. 

[Claim 13] The sensor according to claim 12 in which said gate electrode structure of each eel has opening in 
which this opening gate electrode was formed by penetrating it including the 1st opening gate electrode. 
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[Claim 14] The sensor according to claim 12 by which said gate electrode structure of each eel has the 1st and 
2nd RETIKYURESHON in it including the 1st and 2nd opening gate electrode so that the said 1st and 2nd 
opening gate electrode may border opening, respectively. 

[Claim 15] A sensor including the photodetector with which said each eel was further combined with said 
channel through the transfer gate and said transfer gate, and the optical electric shielding which surrounded said 
photodetector and was prepared on said channel so that said photodetector might be exposed to light according 
to claim 12. 

[Claim 16] The sensor according to claim 12 by which said photodetector of each eel contains one of the photo 
diode by which pin attachment was carried out, and the schottky-barrier diodes. 

[Claim 17] The sensor according to claim 12 by which said blooming prevention structure contains [ each eel ] 
one of a longitudinal direction overflow drain and the vertical overflow drains including blooming prevention 
structure. 

[Claim 18] each eel — further — ; transfer gate; — the sensor according to claim 12 by which it is combined 
with said blooming prevention structure, and said photodetector is combined with said channel through said 
transfer gate including photodetector; which can integrate with a photoelectrical load. 

[Claim 19] The perfect frame area image sensor by which said sensor contains said two or more eels including 
eel; of plurality [ eel / at least one / said ], and the sensor according to claim 12 which is one of the frame 
transfer area image sensors containing said two or more eels. 

[Claim 20] the frame-in in which said at least one eel contains the INTARAIN transfer area image sensor by 
which said sensor contains said two or more eels, and said two or more eels including two or more eels — a tare 
— the sensor according to claim 12 which is one of the in transfer area image sensors. 

[Claim 21] The time delay integral sensor by which said sensor contains said two or more eels including the eel 
of plurality [ eel / at least one / said ], and the sensor according to claim 12 which is one of the train array 
sensors containing said two or more eels. 

[Claim 22] The sensor according to claim 1 2 said whose at least one eel is the activity pixel CMOS sensor by 
which said sensor contains said two or more eels including two or more eels. 

[Claim 23] The sensor according to claim 12 by which said at least one eel contains the CCD register with which 
said sensor was further combined between the photodetector, and the array of said eel and said photodetector 
including the array of a cel. 

[Claim 24] The array of said eel is organized by the M train xN eel, and said CCD register contains further two or 
more register elements. Said photodetector is combined with said CCD register, and a charge is transmitted to 
each register element of said CCD register from said photodetector at time sequence. The sensor according to 
claim 12 by which said CCD register is combined with the array of said eel, and the charge packet of one train is 
transmitted to juxtaposition from M register elements of said CCD register at the 1st eel of each train of M train 
of said eel array. 

[Claim 25] The sensor according to claim 12 by which said at least one eel contains one of the arrays of the 
mieroHens with which said sensor was further arranged on the filter of the shape of a light filter matrix and a 
split, and said two or more eels including two or more eels. 

[Claim 26] The sensor according to claim 12 each eel of whose is the element of said serial read-out register 
including the read-out register of a serial [ sensor / said ]. 

[Claim 27] The sensor according to claim 12 in which said gate structure of each eel has opening to which one 
of said the opening gate electrodes penetrates it including the 1 st opening gate electrode, and said gate 
electrode structure of each eel has the 1st and 2nd RETIKYURESHON with which the said 1st and 2nd opening 
gate electrode borders said opening including the 2nd opening gate electrode, respectively further. 
[Claim 28] The sensor according to claim 12 by which said clock signal and said charge multiplication signal 
started the charge multiplication by impact ionization cooperatively including the charge multiplication terminal 
combined with the charge multiplication gate electrode with which a charge multiplication signal is furthermore 
impressed, and the clock signal terminal combined with the 1st opening gate electrode with which a clock signal 
is impressed. 

[Claim 29] Said clock signal and said charge multiplication signal are a sensor according to claim 12 by which 
time amount is controlled to start the charge multiplication by impact ionization when said charge multiplication 
signal is stabilized in the maximum positive bias to this charge multiplication signal and said clock signal transfers 
to the maximum positive bias from the maximum negative bias to this clock signal. 

[Claim 30] Said clock signal and said charge multiplication signal are stabilized on the most negative bias of said 
clock signal **. Time amount is controlled to demarcate the 1st condition, when said charge multiplication signal 
is stabilized on the forward bias. Said clock signal and said charge magnification signal Said clock signal transfers 
to the forward bias from the most negative bias. The sensor according to claim 1 2 by which time amount is 
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controlled to transfer to the 2nd condition from the 1st condition when said charge multiplication signal is held 
at the forward bias, and the transition to the 2nd condition from said 1 st condition started the charge 
multiplication by impact ionization. 

[Claim 31] The 1st, 2nd, and 3rd gate electrode and; are included at least, the channel formed on the substrate, 
and; — on said channel, it was crossed and it was formed in insulation — Said the 1st and 3rd electrode have 
RETIKYURESHON in it, respectively. Said 2nd electrode is a sensor by which it is formed so that 
RETIKYURESHON of the said 1st and 3rd gate electrode may be approached and a gap may border opening 
through it, and said charge multiplication gate electrode is arranged in insulation in on said opening. 
[Claim 32] It is the approach said high electric-field field generates an additional electron for single process 
impact ionization in proportion to the number of a lifting and the electrons transmitted by that cause, and said 
high electric-field field amplifies the solid-state charge which exists in the volume by which said semiconductor 
material was depletion-ized for the whole, including the process of transmitting [ through a high electric-field 
field ]-in semiconductor material-one or more migration carriers;. 

[Claim 33] The obstruction which exists between wells is made small, storing — the approach of carrying out 
multiplication of the charge in a well — carrying out — the bottom of a charge multiplication gate electrode — 
multiplication — forming-well; — said storing — a well and said multiplication — It transfers to a well, said 
storing — the first charge stored in the well — said obstruction — exceeding — said multiplication — 
constituting-charge with which additional charge was generated by impact ionization, charge of said addition 
ioined together and multiplication was carried out to said first charge;, and said charge by which multiplication 
was carried out — said multiplication — said storing from a well — the approach of carrying out multiplication of 
said charge including each process of transmitting-to well;. 

[Claim 34] furthermore, said multiplication — the process of forming a well, making said obstruction small, and 
transmitting-said charge by which multiplication was carried out ** — two or more cycle ******** — the 
approach containing things according to claim 33. 

[Claim 35] The approach according to claim 33 said two or more cycles contain the number of cycles of the 
range of 50 to 5000. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The background and outline] of invention This application is related with solid-state image consolidation 
equipment (image intensifier) and the image consolidation equipment especially formed In the piece of the semi- 
conductor substrate using the standard semiconductor integrated circuit manufacture approach at the 
monolithic configuration. Especially this invention relates to solid-state image sensing (image sensors) / 
consolidation equipment (intensifier) using the charge multiplication by single carrier impact ionization (single 
carrierimpact ionization). 

[0002] Image consolidation equipment (or "11") is image sensing equipment with the capacity changed without 
adding a substantial noise to the image formed with many electrons for every pixel in the image formed with a 
fraction or a single photon for every pixel. Since detection and processing are easy for the picture signal in 
which this is formed with many electrons for every pixel, in image application of much low optical level, it is 
advantageous. Not one but the signal containing many electrons is always more highly [ than the ground noise 
(noise floor) of a charge detector and a system ] maintainable. 

[0003] Conventionally, image consolidation equipment used thermionic-tube equipment. In such equipment, an 
image is projected on suitable photoelectric cathode and multiplication of the free photoelectron is carried out in 
the process to the anode. The typical multiplication approach used is based on the concept of the micro channel 
(micro-channel) by which multiplication is increased hundreds before an electron is sensed, or 1 000 times. The 
image charge by which multiplication was carried out as a result is scanned on a suitable anode observation 
screen, or is displayed directly. Such equipment is used for the night monitor mirror of a current army, or the 
image sensing camera of other low optical level. Although these equipments attain the outstanding function and 
have the desirable description of many like low power consumption and very high sensibility, they are in the 
description peach easily unconquerable on the other hand which is not desirable. The vacuum-pipe technique is 
not suitable for the easy connection with low cost-high production, an important miniaturization, color sensing, 
and today's newest digital image-processing equipment in itself. Thermionic-tube consolidation equipment needs 
a high electrical potential difference for the actuation again. The latest research efforts have been turned to 
development of the image consolidation equipment which can be manufactured using a standard semi-conductor 
manufacturing technology for these above and other reasons. 

[0004] The example of such an activity using the hybrid approach is based on the report of the task force (10- 
June 12, 1999, Japan, Nagano Prefecture, Karuizawa) about the image sensor by which with the sensor and 1999 
and IEEE progressed, tee . WATABE of R33. etc. It is indicated by "the enveloping layer (CMOS Image Sensor 
Overlaid with HARP Photoconversion Layer) of the CMOS sensor by the HARP light conversion layer". [ charge 
coupling ] It includes in this application by considering the content as reference. 

[0005] a solid-state semi-conductor substrate — one — and (monolithically) other examples of the idea of the 
image consolidation equipment made directly are indicated by United States patent No. 5,337,340 of high 
NESUKU (1994) (Hynecek). It includes in this application by considering the content as reference. 
[0006] The non-mapping equipment (non-imaging device) representing the accumulation and the multiplication 
photodetector which had the three MOS gates which was further formed in other suitable substrates, and which 
approached in low (Lou) United States patent No. 4,912,536 is indicated, the 1st gate — depletion — bias is 
carried out so that a well may be formed in the bottom of accumulation of a photoelectrical load (photocharge). 
the 2nd gate — accumulation — the avalanche (avalanche) formed in the bottom of the 3rd avalanche gate in a 
well — it is the transfer gate isolated from a well, the back 2nd gate where bias of the 3rd gate was carried out 
to the avalanche preparatory state opens — having — accumulation — the accumulation charge from a well — 
an avalanche — it is transmitted to a well. Between this charge transfer processing, a charge receives 
magnification with the multiplication factor relevant to avalanche processing. 
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[0007] The image sensor of known integral construction like the equipment by CCD or CMOS attained the high 
engine performance in resolution, sensibility, the noise, and the miniaturization. Probably, the camcorder 
(Camcorder) and the common digital quiescence camera (DSC) which have fully opposed the film using these 
sensors will not be possible without these sensors. However, in order to make size of a required chip small for 
price competition, pixel size needs to be decreased. It is made a calamity, and if it decreases, reduction in 
sensibility and reduction of the S/N ratio by it can be related for it, and cannot avoid pixel size. The reduction in 
a S/N ratio cannot be based on the ground noise of a fixed charge detector, and cannot decrease easily. It is 
thought that it is difficult to decrease the ground noise of the charge detector on a chip less than [ a single 
electron or it ]. Therefore, since charge multiplication can improve sensibility, without increasing a noise greatly, 
the concept of the charge multiplication indicated by United States patent No. 5,337,340 gives expectation of 
attaining the dominance on the competitive engine performance in an image consolidation technique. 
[0008] United States patent No, 5,337.340 teaches the underlying concept of the carrier multiplication in the 
application to a semi-conductor and its CCD image sensing equipment. If it is projected on a photon by the pixel 
and it is changed into an electron, the generated electron will be transmitted in a CCD mode through a high 
charge field, and will start impact ionization (impact ionization). Impact ionization generates a new electronic- 
electron hole pair, and increases the number of the original electrons. Usually, since there is no generating of an 
electronic-electron hole pair with a larger new number than per [ 1 ] electronic transfer, avalanche (avalanche) 
multiplication is never generated. It is one of the descriptions by which the concept of this a patent [ No. 
5.337,340 ] publication is distinguished [ patent / No. 4.912.536 ] from the concept of a publication. In [ the 
process of impact ionization ] comparison, since there are few noises, they can explain theoretically that it can 
be increased by the charge signal by photon generating beyond the ground noise of a system, without decreasing 
a signal-to-noise ratio (S/N). Objectively, an avalanche phenomenon is a noise-process (impact ionization 
generates a secondary carrier and a secondary carrier generates a secondary [ further ] carrier in itself). 
[0009] Although the general conception indicated by patent No. 5.337,340 was steady, the latest, further 
experiment showed data new about the ground noise of this approach. "New low noise charge carrier 
multiplication equipment [ of CCM-A suitable for the charge detection in a small pixel CCD image sensor ] 
(CCM-A New Low-Noise Charge Carrier Multiplier Suitable for Detection of Charge in Small Pixel CCD Image 
Sensor)" 39 of high NESUKU (Hynecek) IEEE Please refer to the report 1972 (1992) about an electronic 
instrument. The single photon detection (SPD) by the monolithic solid-state image sensor still exists as a 
desirable target in this way. 

[0010] Drawing 1 and 2 show the plan and sectional view of the CCD unit cell 101 which are used for the typical 
CCD image sensor before carrying out finishing (overcoat) of the last dielectric layer, and the process of 
Formation of a metal pattern. In drawing 1 , the channel stopper fields 104 and 106 restrain a charge in the 
direction of Y, and, on the other hand, the gate electrodes 102 and 103 restrain a charge in the direction of X 
with the virtual electrode (Virtual Electrode) (VE) field 105. A CCD channel is demarcated among the channel 
stoppers 104 and 106. Clock signal f1 f2 The electric interconnecting line given to physical structure (physical 
structures) is shown in notation. As for a charge, a CCD channel is transmitted up and down by giving the 
suitable bias for the gate electrodes 102 and 103 (transferred up or down). The potential configuration by the 
various gate bias in fields 107 and 108 and charge transfer processing of the result are shown in drawing 2 . The 
potential of fields 107 and 108 changes to level 150-152. and the potential of VE field is held at the fixed level 
151. In order to make it perfect, the direction sectional view of Y of equipment is shown in draw i ng 3 , and the 
detail 1 15 of a channel stopper field is shown in drawing 4 . Drawin g 1 , the field of 2 and structure 102 thru/or 
1 1 2. 1 1 6. 1 1 7 and 1 1 8 correspond to drawing 5 . the field of 6 and structure 202 thru/or 21 2. 21 5. 21 7 and 218 
directly, and they explain these in full detail behind. 

[001 1] Generating of a background charge (Background charge) is best understood with reference to drawing 4 . 
When the bias given to the gate electrode 1 03 is low. an electron hole 1 1 9 is caught by the interface between 
the semi-conductor substrate 112 and the gate dielectric 1 1 8 (interface) (trap). When the bias given to the gate 
electrode 103 changes from a low to a high level, the electron hole 1 19 caught by the interface is released 
rapidly, and is accelerated. The caught electron hole is exposed when the location of a depletion region boundary 
changes to 1 14 from 113. If the accelerated electron hole acquires energy, a lifting and an electron 120 will be 
generated for impact ionization, the gestalt (it laps) to which the gate electrodes 102 and 103 overlap the 
channel stoppers 104 and 106 as almost all CCD equipments are shown in drawing 1 — **** — since it is, it is 
not easy to prevent generating of the charge which is not desirable. This is applied like the structure of drawing 
1 which only shows one example, and other more common CCD equipments which do not have VE field with 
many gate electrodes from 2. The equipment which has VE field and has a large number or a single gate 
electrode has an additional problem of generating of the background charge in the interface between fields 102 
and 105 and between fields 103 and 105. 
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[0012] In the latest CCD equipment, in order to make low the dark current generated at an image integral period, 
ah electron hole is usually intentionally drawn on the boundary of a substrate-dielectric. Since prehension of the 
electron hole in an interface causes generating of a background charge and a corresponding noise, it is difficult 
to know how image consolidation actuation will be attained by the conventional technique. Moreover, it is also 
difficult to attain image consolidation actuation without generating of a background charge in the CCD equipment 
made using the very small conventional engineering. 

[0013] The conventional technique is not indicating the gate electrode structure where a charge multiplication 
electrode is arranged on it and where opening was formed, the conventional technique — again — storing — the 
approach of replacing with avalanche processing the charge detected by the beginning of a well, and carrying out 
multiplication by single carrier impact ionization processing (single-carrier impact ionization process) is not 
indicated. The conventional technique is not indicating the approach of attaining by repeating a charge and 
transmitting without generating of significant multiplication gain of a dark noise forward and backward within a 
single eel, or the approach of attaining using the eel of a large number combined with the CCD mode together. 
The conventional technique is not indicating the approach of attaining programmable charge gain externally, by 
controlling the count of the multiplication transfer in one cel. 
[0014] 

[Semi-conductor image consolidation equipment] this invention person discovered that the ground noise of the 
equipment of a patent [ of high Netscape Navigator / No. 5.337,340 ] publication was improvable by making 
association with the high electric field and the channel stopper in a carrier multiplication field into min. This 
application indicates the various structures where follow, the above-mentioned association decreases and the 
noise engine performance is improved. In many examples, although a high electric-field field exists in a eel field 
and a longitudinal direction is limited with a channel stopper and a transfer obstruction, it does not exist above a 
channel stopper anywhere. All high electric-field fields exist in the depletion-ized semi-conductor volume 
preferably. 

[0015] This application indicates the image chip incorporating the improved solid-state carrier multiplication 
stage which gives the improved prevention effectiveness (immunity) over a dark current noise, and this 
multiplication stage. In various examples, this application indicates the practical charge multiplication pixel 
(charge multiplication pixel) which operates without generating of a background charge. The above and other 
objects are attained by the eel of a sensor including the gate structure where crossed this channel, and it has 
been arranged in insulation, and opening was formed on the channel formed in the substrate, and said channel, 
and the charge multiplication gate structure insulated and arranged on said opening. In one example, gate 
electrode structure contains the 1 st opening gate electrode with which the breakthrough was prepared, the 1 st 
and 2nd RECHIKYURESHON (reticulations) formed in other examples so that gate electrode structure might 
surround said opening including the 1 st and 2nd opening gate electrode, respectively — **** — it is. As for 
another example, opening is formed through it including 3 or the gate electrode beyond it. 

[0016] another example — storing — the approach of carrying out multiplication of the charge accumulated on 
the well indicates — having — this approach — the bottom of the charge multiplication gate — multiplication — 
a well — forming — the bottom of the charge transfer gate — a potential barrier — forming — said potential 
barrier — said storing — the charge first stored in a well — this obstruction — exceeding — multiplication — it 
is made low until it is transmitted to a well. The transmitted charge carries out multiplication of the charge to 
which single carrier impact ionization was transmitted by the lifting beginning, the charge with which 
multiplication of the above-mentioned approach was carried out further — said multiplication — storing from a 
well — storing of the eel of the contiguity combined with it in the CCD mode in the process returned to a well, 
or the charge by which multiplication was carried out — the process transmitted to a well is included. 
[0017] Indicated invention (innovations) can program or control the charge gain of the pixel of the phot eel or 
photodetector of the : and the image sensor which gives one or more of the following advantage at least in 
various examples by the electronic signal added to a chip from the outside. (This is because charge 
multiplication is controllable changing the electrical potential difference of a multiplication gate electrode, or by 
controlling the number of the pulses used for a multiplication cycle.) It also sets to any of - various structures, 
and is monolithic solid-state image consolidation equipment (SSII) of high performance to a actual target. 
[0018] Indicated this invention is explained with reference to the attached drawing in which the important 
instantiation-example of this invention is shown. 
[0019] 

[Detailed explanation of a desirable example] Various kinds of new techniques of this application are explained 
especially with reference to a current desirable example (as instantiation, not limited to it). 

[0020] In drawing 5 and 6, the Internet Fair 2001 Japan TRON (IMPACTRON) eel 201 is shown in a plan with the 
corresponding cross section in alignment with line A-A'. In d rawin g 5 , the channel stopper fields 204 and 206 
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restrain a charge in the direction of Y, and the gate electrodes 202 and 203 restrain a charge in the direction of 
X with the virtual electrode (Virtual Electrode) (VE) field 205. Clock signal f1 f2 The electric interconnecting line 
given to physical structure (physical structure) is shown in a graph. 

[0021] The description of drawing 1 . drawing 5 which is not contained in the structure of 2, and the structure of 
6 is the circular opening 221 of a CCD channel by which opening was mostly carried out to the gate electrode 
203 at the core. The same ingredient as having been used for formation of the gate electrode 202 covers the 
opening field 221 of the gate. However, it is not necessarily required to use the same ingredient because of the 
exact function of this equipment. It is called charge multiplication (Charge Multiplication) (CM), and connects 
with a metal wire 223, and the gate 222 formed is connected to the terminal of the equipment driven by charge 
increase clock-doubling signal phiCM eventually shown in a graph at drawing 5 . 

[0022] A eel is constituted on the standard semi-conductor p-mold substrate 212. Let said substrate be silicon 
doped by the order of beginning 1015cm-3 for convenience. Suitable n-mold impurity range 211 which forms a 
CCD channel is formed near the front face of a substrate of diffusion or an ion implantation, and annealing. Since 
these processes are common in this industrial field, detailed explanation is not given. The order of 1017cm-3 and 
the thickness of a layer of the high impurity concentration of the above-mentioned field are 0.3 micrometers 
(3000A) order. 

[0023] The suitable dielectric layer 218 deposits or grows on a substrate. This is diacid-ized silicon Si02 with a 
thickness of 0.03 micrometers (300A). A eel contains other dielectric layers 217 preferably arranged further on a 
layer 218. For example, such a layer is formed of deposition of silicon nitride Si3N4 of 0.03-micrometer (300A) 
thickness. A layer 217 is usually used for the adaptability of the convenience of manufacture, and a known 
approach. This is not required for the just Internet Fair 2001 Japan TRON eel function. It is not illustrated 
although other thin dielectric layers of 0.005 micrometers (50A) order may be formed on a layer 217 for 
convenience' sake on manufacture. 

[0024] The Internet Fair 2001 Japan TRON eel includes the gate electrode structure further formed of fields 
202, 203, and 222. The gate ingredient of these layers is the polyerystalline silicon (polish reeon) doped suitably, 
and the thickness of the gate electrodes 202 and 203 is 0.4 and 0.15 micrometers (4000 and 1500A), 
respectively. The gate 203 is isolated by the thin dielectric layer 216 from the gates 202 and 222. This dielectric 
layer has the farther [ than a flank ] thick upper part of the gate 203. Although a thick upside dielectric layer is 
0.25 micrometers (2500A) order and the parasitic capacitance between the gates 202 and 203 is decreased 
substantially, the thickness of the dielectric of the flank of structure 203 is important for controlling electric field 
and inter-electrode dielectric breakdown voltage, drawing 5 — six — illustrating — having — a eel — p — + — 
a mold — a dope — a field — 209 — being suitable — n - a mold — a dope — a layer — 210 — forming — 
having had — imagination — an electrode — ( — VE — ) — a field — 205 — containing . After drawing 5 and the 
eel shown in 6 are manufactured, some dielectric layers which are not illustrated and the metal layer made by 
the pattern are added to it. Such structures make easy required electric interconnect, metal-metal insulation, 
and blemish prevention of the whole chip. Although such a layer is generally used in this industrial field, since it 
is not important for the function of a eel, explanation is omitted. 

[0025] Since the semicircle and the circular opening 221 of the gate electrode 203 which are shown in drawing 5 
are the homogeneity of the electric field between the gate electrodes 203 and 222, it is important. However, 
probably, it turns out that opening 221 can be formed in an ellipse form, an ellipse, or a polygon without loss of a 
function at those who became skillful in this field. Isolation from the channel stopper of homogeneous control of 
electric field and a high electric-field field is the important advantage of the Internet Fair 2001 Japan TRON eel 
design. 

[0026] Actuation of the Internet Fair 2001 Japan TRON eel without generating of a background charge can be 
explained with reference to the time amount graphic form of the eel shown in the potential graphic form shown 
in drawing 6 , and drawing 7 . the total time cycle of a eel — three fundamental interval: — reset-time spacing 
taui It is divided into charge doubling time spacing tauCM and charge transfer-time spacing tauTR. Bias of the 
three gate electrodes 202, 203, and 222 is carried out to the most negative level corresponding to the potential 
level 250 altogether shown in drawing 6 between the reset times. Since pinning (pinned) of the surface potential 
of the lower part of the gate is carried out to a substrate by this bias, this level is called pinning level (pinning 
level). Between this time interval, an electron hole flows down the gate from p+ channel stoppers 204 and 206 
and the p+VE field 205, and interface state density (interface state) is filled. Thereby, generating of the 
superfluous dark current stops, the integral potential to which an integral period is completed and one or some 
photoelectrons are located in the VE field 205 — if a well (integrating potential well) is piled up, the bias of the 
gate electrodes 203 and 222 will increase to the value corresponding to the potential level 255 shown in drawin g 
6 . This shows initiation of a charge multiplication period. 

[0027] In charge multiplication period tauCM, the gate electrodes 222 and 203 are given by clock signal phiCM a 
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charge multiplication pulse is indicated to be to drawin g 7 , and phi2. respectively. Charge multiplication pulse 
phiCM and phi2 change the potential under each gate of fields 221 and 208 between level 255 and 253. The 
correlation staff of the pulse given to the gate electrodes 222 and 203 is shown in a detail at drawing 7 . The 
bias of both charge multiplication gate electrode 222 and gate electrode 203 is in the low level corresponding to 
the potential level 255 ( drawing 6 ) at first. Subsequently, the bias given to the charge multiplication gate 
electrode 222 goes up on the highest level, before the bias of the gate electrode 203 changes, if, as for the high 
electropositive potential of a field 221 (lower part of a charge multiplication gate electrode), the potential barrier 
(low voltage) is not formed in the field 208 of the lower part of the gate electrode 203 ( drawin g 6 ) in this 
condition — the integral of a field 209 — a photoelectrical load (photocharge) is drawn from a well. 
[0028] In the following process, before the bias of the charge multiplication gate electrode 222 goes up to the 
record level, the bias of the gate electrode 203 goes up and the potential of a field 208 is gone up. this — the 
integral of a field 221 (lower part of the charge multiplication gate electrode 222), and a field 209 — the potential 
barrier which exists between wells is made low. consequently, an electron — the integral of a field 209 — it 
begins to flow to the high electric-field field formed between the high potential field 221 and the low voltage field 
208 over the potential barrier of a field 208 from a welt. The high electric field which exist among fields 221 and 
208 carry out induction of the electronic transfer, and impact ionization and new generating of an electronic- 
electron hole pair are caused. 

[0029] the integral of a field 209 — the processing after the electron which all the electrons transmitted to the 
high potential field 221 over the potential barrier of a field 208 from the well, and was generated by impact 
ionization was added — being reversed — all the electrons of a field 221 — the integral of the lower part of the 
VE electrode 205 — it is returned to a well. This is attained by making low bias of the charge multiplication gate 
electrode 222, before making bias of the gate electrode 203 low. In the following process, said processing is 
repeated, and while being each pulse cycle, multiplication of the first amount of charges is carried out. It is clear 
fi'om the above-mentioned publication that it is not necessary a charge's to necessarily return to the first cel. It 
can also transmit to the contiguity eel which forms a long charge multiplication chain suitably in a CCD mode. 
The number of the pulses of multiplication spacing tauCM can be enlarged dramatically. However, the most 
desirable number is between 50 and 5000 pulses. 

[0030] The last time interval is charge transfer spacing tauTR, and is transmitted to the following structure 
where a charge adjoins from the Internet Fair 2001 Japan TRON eel between them. It is the CCD structure of 
other arbitration like other Internet Fair 2001 Japan TRON eels or a CCD register, a CCD memory cell, or a 
charge detection node. The pulse given to the gates 202 and 203 between charge transfer spacing tauTR(s) 
vibrates the potential of the lower part of the gate between level 255 and 252 by the correlation staff shown in 
drawin g 7 . 

[0031] Since bias voltage is higher than between reset-time spacing between multiplication and read-out 
spacing, generating of a background charge is removed. However, in drawing 7 . when generating of the 
background charge during a read-out period can be disregarded, as a timing generating circuit is simplified and a 
dotted line shows, a signal can be generated. The clock of the gate electrodes 203 and 222 is carried out to this 
period between the bias level corresponding to potentials 252 and 250. 

[0032] Since, as for all gate electrodes, bias only of during an integral period is carried out to pinning bias 
(pinning bias), a background charge is not generated in the Internet Fair 2001 Japan TRON cel. This description 
has the effectiveness which makes min generating of the dark current in the interface of a substrate-dielectric. 
However, between multiplication cycle-time spacing, electron holes are extruded [ no ] from the high electric- 
field field of the lower part of the gate electrodes 203 and 222. and any impact ionization starts them. 
[0033] The decision of the noise generated in the Internet Fair 2001 Japan TRON eel by charge carrier 
multiplication is a factor important for determining whether single photon detection (SPD) is possible. Since a 
charge receives many transfers from a eel within a eel or one eel, the accumulated noise becomes very large. 
Charge multiplication processing is modeled as shown in drawing 8 . The model consists of connection (chain) of 
the same multiplication stage of N individual, and each stage has multiplication distribution (multiplication 
variance) sigma2 and the multiplication average (multiplication mean) n. To the given number of stages N if 
multiplication factor M=nN, the following formula will be drawn about an excess noise factor F. 
[Equation 1] 





lii(M) 
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[0034] Distribution of each multiplication process of each is usually dramatically small by the property of the 
single crystal of a semi-conductor substrate (order of sigma2=0.002). Since the number of magnification stages 
can be increased to thousands according to the above-mentioned formula by the time an excess noise factor 
[excess noise factor) F2 exceeds 1 substantially, this is a dramatically convenient thing. In this way, even if the 
probability of the multiplication in the charge transfer process of one metaphor is dramatically small, the 
multiplication factor of 10-100 is possible. This is one of the descriptions which distinguishes the concept of the 
Internet Fair 2001 Japan TRON single carrier charge multiplication (single carrier charge multiplication) from 
standard avalanche multiplication (avalanche multiplication). In the image consolidation equipment based on a 
vacuum-pipe technique, charge multiplication happens with the noncrystalline ingredient which covers a micro- 
channel tube wail or a dynode (dynode) front face, and, as a result, an excess noise factor is F2=2 typically. The 
Internet Fair 2001 Japan TRON has an advantage in the excess noise engine performance as compared with 
other image consolidation equipments. 

[0035] Other advantages of the Internet Fair 2001 Japan TRON are in the versatility of inclusion in the image 
sensor structure of many present age. Some important examples of such inclusion are explained below with 
reference to drawing 9 , and 1 0. 1 1 and 1 2. 

[0036] In drawing 9 , the boundary region 302 with the same structure as the channel stoppers 204 and 206 of 
drawin g 5 surrounds the activity area 301. The activity area 301 is filled according to the array of the Internet 
Fair 2001 Japan TRON eel 201 ( drawing 5 ). An array is equipped with an interconnecting line and terminals 31 1, 
312, and 313 in order to supply suitable bias voltage from an external pulse actuator. The image sensor formed 
when the whole division region 301 is filled with the Internet Fair 2001 Japan TRON eel is called the perfect 
(frame FF) (Full Frame) map machine or an image pick-up machine (imager). Since the equipment of this format 
needs to intercept being projected on a beam of light for the equipment between charge read-out phases, it is 
used for a map system with an optical shutter like a digital quiescence camera (DSCs). The image sensing area 
301 is connected with the serial (serial) register 305 through a border area 304. This is good also as a channel 
stopper field made by other gates or only suitable configurations. Completion of the multiplication of image 
accumulation and a charge transmits a charge to an addressing to single tier serial register from an array (every 
line). A serial register consists of a CCD eel 101 of a criterion as shown above at drawing 1 . Some eels 306 are 
added to the edge of a register, and the distance from an array to the detection node 307 and amplifier 309 is 
buried. A charge detection node includes n+ diffusion field 307 included in a standard cell 101. An amplifier input 
is connected to this n+ diffusion node. A serial register carries out termination for a reset gate and the output 
diode 308. Required clock bias voltage is supplied to a serial register with an interconnecting line and terminals 
314 and 315. By carrying out the clock of the serial register, the picture signal of one train (line) is read and it is 
outputted to the sensor output terminal 310. After the signal of a serial register becomes empty, it is understood 
easily that the data of a new train are inputted from an array. This is performed by giving a suitable clock pulse 
to the array terminals 31 1 and 312 of juxtaposition. The train of all signals carries out a clock and it is read to a 
serial register, and it is outputted to a detection node and all sensors are read. After this cycle is completed, a 
camera shutter is opened and a new picture signal is accumulated. Of course, there is a suitable multiplication 
period following an accumulation period, and a read-out period starts again after that. 

[0037] Important deformation of a perfect frame sensor read-out technique is called time delay integral (Time 
Delayed Integration) (TDI) read-out. In this read-out mode, the image on which it is projected in an image 
sensing area is not standing still, and is moving. Then, the clock of the charge is carried out in this direction with 
the same mean velocity through an array so that the image which moves may be followed. It will be understood 
by this contractor that actuation of the Internet Fair 2001 Japan TRON eel supports this read-out technique. 
[0038] The perfect frame image sensor of all formats generates an image fixed pattern noise (image Fixed 
Pattern Noise) (FPN), and this is called still more appropriately image fixed pattern non-homogeneity (image 
Fixed Pattern Non-uniformity). Non-homogeneity is generated by the slight difference in the engine performance 
of the equipment by the difference in the processing which crosses a sensor and is distributed. A perfect frame 
image sensor with the Internet Fair 2001 Japan TRON eel included in the activity image sensing area 301 also 
suffers the damage by Image FPN. The charge multiplication of the Internet Fair 2001 Japan TRON eel actually 
amplifies Image FPN. Therefore, in another example, another serial register 317 ( drawing 10 ) is exchanged by 
the serial register 305 of drawing 9 . In the serial register 317, the serial Internet Fair 2001 Japan TRON eel is 
prepared just before the charge detection node 307 of a register, and amplifier 309. A sensor operates so that 
only the desirable signal margin in which clock actuation of the Internet Fair 2001 Japan TRON eel of the image 
sensing area 301 limits the charge multiplication effectiveness, and exceeds ground noise may be given, and 
additional gain is given by the Internet Fair 2001 Japan TRON eel of the serial register 317. Since each packet of 
a charge must be transmitted through the same Internet Fair 2001 Japan TRON eel of the serial register 317, 
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multiplication only of the amount with the always same transfer signal is carried out. In this way, what kind of 
image FPN does not generate the serial register 317. 

[0039] The width of face of the serial register 317 can be designed more widely [ arbitration ] than the register 
of an image sensing area, thus, the well of a serial register — capacity is restricted fundamentally — not having 
— the greatest well — capacity is required only for the back stage of the serial register 317. Typically, the clock 
of the serial register 305 ( drawing 9 ) or the serial register 317 ( drawing 10 ) is carried out so that a charge 
may be quickly sent out through amplifier 309. In a register 317, the Internet Fair 2001 Japan TRON eel does not 
return a charge to the same eel after multiplication, but a charge is always transmitted to the front next eel, and 
holds the clock rate of the serial register of normal. 

[0040] The sensor of another format is called a frame transfer (Frame Transfer) (FT) image sensor. In this 
sensor, an activity area (for example, area 301) is usually divided into two partitions. An up partition receives an 
image including a photodetector and, on the other hand, a lower partition functions as buffer memory. A lower 
partition is covered from incident light. In the frame transfer sensor by this invention, the Internet Fair 2001 
Japan TRON eel does not monopolize all the activity areas 301 of a sensor. According to this invention, the 
Internet Fair 2001 Japan TRON eel is prepared in an up partition (303 of drawing 9 ), and only a standard cell 
101 ( drawing 1 ) is formed in a lower partition (318 of drawing 9 ). Since a lower partition holds the image data 
between read-out processings, it is usually called image memory, and on the other hand, a new image is 
accumulated on an up partition. A suitable interconnecting line connects a memory cell to the terminals 319 and 
320 of equipment. Although the frame transfer image sensor resembles perfect frame equipment, a frame 
transfer sensor has the advantage that the camera incorporating this does not need a shutter. An image charge 
is accumulated, and if multiplication is carried out, a charge will be quickly sent to image memory and will be 
covered from incident light there. The charge transfer is dramatically rapid, in order to make into min the dirt of 
the image by the light projected on a sensor while a charge transfer advances. Subsequently, read of a charge is 
performed from image memory (namely, lower partition) in the same mode as performing charge read in perfect 
frame equipment. 

[0041] The idea of the frame transfer sensor which had the standard eel 101 in the image sensing area, and had 
the Internet Fair 2001 Japan TRON eel only in the image memory area is also possible. However, charge 
multiplication increases dirt and more dark currents will be accumulated before multiplication. Probably, the same 
reason is applied to the equipment with which the Internet Fair 2001 Japan TRON was prepared in both image 
memory and an image sensing area. 

[0042] However, the equipment which had the Internet Fair 2001 Japan TRON eel in the image sensing area and 
the serial register 317 as shown in drawin g 10 has an advantage, the well of an image area — capacity — a 
limitation — it is — a well — it is not possible to apply very high gain without risk of capacity being saturated to 
the signal of these pixels. Since gain goes up a signal beyond dark current ground noise, its suitable gain is 
effective. Subsequently, charge multiplication gain (full charge multiplication gain) additional [ all ] is applied to 
the serial register 317. a well with a desirable serial register — designing with sufficient width efface so that it 
may have capacity — a well — a limit of capacity is conquerable. 

[0043] One of the important advantages of charge multiplication is obtained by including the Internet Fair 2001 
Japan TRON eel in the image sensor of the format indicated by United States patent No. 5,355.165 of cusso 
NOKKI (Kosonoeky). The image sensor which photos dramatically a series of screens limited to United States 
patent No. 5,355,165 of cusso NOKKI at high speed is indicated. In application of a high-speed camera, the 
quantity of light which can be used for exposure of each frame is dramatically small. The problem is usually 
solved by illuminating the scene observed by very high luminous intensity. However, luminous intensity high in a 
certain case may be that the phenomenon observed is blocked, or the object observed may be damaged. The 
costs which an addition target does not have are added needing the lighting of high luminous intensity also at the 
lowest. The high-speed camera is usually equipped with image consolidation equipment to these application. 
[0044] The concept of high frame rate sensing is based on the CCD sensor by which each sensitization element 
is equipped with the local CCD memory. Memory has a well-known serial-parallel-serial (SPS) design industrially, 
^ith reference to drawing 1 1 , he can understand best the sensor structure with the incorporated Internet Fair 
2001 Japan TRON cel. A sensor area includes the 3x3 Internet Fair 2001 Japan TRON eel array 332 combined 
mth the array of the phot eel 322, 3-element level register 325 combined with each phot eel 322, and each level 
register 325. The level register 325 contains five Standard C CD eels of a primitive cell design like 101 of 
drawing 1 . No interconnecting lines are shown in drawing, but only the connection 324 with a charge 
multiplication gate electrode and the connections 330 and 331 with a serial output register are shown. Except for 
the phot eel 322 being exposed, all CCD structures are covered from light. However, in order to clarify, optical 
electric shielding is not shown in a drawing. The 1st eel 323 of each register 325 has the capacity to receive the 
charge from the phot eel 322. The eel of the last of a register has the incorporated charge drain 326. 
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[0045] In actuation of the sensor of drawing 1 1 , the charge from the phot eel 322 is regularly transmitted to the 
1st register element 323 of the level register 325. The clock of the level register 325 is carried out regularly, and 
it transmits the charge packet from photo diode 322 toward the lower part drain 326 of a register. After the level 
register 325 is caudad moved to three sequential charge packets, the clock of the Internet Fair 2001 Japan 
TRON array 332 is carried out once. This actuation moves three packets of a signal charge to the 1 st train of 
the Internet Fair 2001 Japan TRON array. Subsequently, this processing is repeated 3 times and loading (loading) 
in the Internet Fair 2001 Japan TRON array is completed. After a loading cycle is completed, multiplication of 
the charge stored in the Internet Fair 2001 Japan TRON array is carried out by operating the Internet Fair 2001 
Japan TRON eel according to the above-mentioned instruction. A sensor is [ that nine continuous image frames 
exposed at the very high frame rate are only stored, and ] in this example. The order of 1 0 million per second is 
possible for an exposure rate. However, if an SPS memory design is changed, it is clear to this contractor that 
the frame of a large quantity is further storable. How are 3-element level register 325 and the 3x3 Internet Fair 
2001 Japan TRON array 332 changed? For example, probably, this contractor understands, in order to obtain the 
sensor which can store the frame of 4, continuous 16, or continuous 25 exposed at a very high frame rate. 
[0046] Sensor read-out is the actuation which was very well alike in read-out of the perfect frame structure. In 
order that the Internet Fair 2001 Japan TRON array 332 and the level serial register 325 may load the output 
serial register 333 located in the pars basilaris ossis occipitalis of a sensor in an effective-data train, the clock 
of them is carried out once. At the following process, the clock of the output register is carried out continuously, 
it transmits all data to the detection node 329, and transmits to an output amplifier 328 from there. After all data 
are read from a register 333, the clock of the serial register 325 is again carried out to the Internet Fair 2001 
Japan TRON array 332. This processing is repeated until all image sensors are read. 

[0047] In the above-mentioned explanation, the Internet Fair 2001 Japan TRON structure is included in the 
sensor array of United States patent No. 5,355,165 in order to improve the sensor engine performance. Since it 
is brief, many details of a design and actuation are omitted. United States patent No. 5,355,165 has indicated the 
high-speed read-out sensor used for a different technique from the above. In the example indicated above, the 
technique with two polish recon gate electrode level and one virtual electrode VE is used. This contractor will 
understand the applicability of other same techniques. 

[0048] A eel with the sensitization field isolated from the vertical charge transfer field is included in other 
equipment structure groups called INTARAIN transfer (Interline Transfer) (IT) structure. 

[0049] In drawing 12 , the eel 401 is well alike in the basic Internet Fair 2001 Japan TRON eel shown in 201 of 
drawing 5 . However, in a eel 401, the channel stopper 404 of a eel 401 is dramatically broader than the channel 
stopper 206 of a eel 201. The additional width-of-face part of the channel stopper 404 of a eel 401 gives 
sufficient space to incorporate the sensitization area 406 into the width of face of the channel stopper 404. A 
sensitization area may be easy photo diode, photo diode with a pin (pinned photodiode), shot key barrier photo 
diode (schottky barrier photodiode), a photo transistor, or the sensitization element of other arbitration well- 
known at this technical field. The detail of such structure is not explained here. The charge accumulated on the 
sensitization area is transmitted to the vertical CCD channel 409 through the transfer gate 407. The transfer 
gate 407 is connected to the metal bus-bar 413 which supplies required clock pulse phiTG. Except for the 
sensitization area 406 top, as for a eel, where is covered from an incident light line. Although optical electric 
shielding is formed from the suitable opaque zone covered by the upper part of the cellular structure, since it is 
brief, it is not shown in a drawing. The polish recon gate structures 402, 403. and 408 and the cellular structure 
of others like the channel stopper 404 are directly equivalent to the same structure of a eel 201. The metal bus- 
bars 41 1 and 412 are useful to the same object also in a eel 401 again. 

[0050] The eel 401 which is not the Internet Fair 2001 Japan TRON structure is also called an INTARAIN 
transfer (IT) cel. and is similarly used for the CCD image sensor of many present age. However, the improved 
new INTARAIN transfer structure exchanges the Internet Fair 2001 Japan TRON eel [ as / in the perfect frame 
sensor shown in drawing 9 ] 201 to the well-known vertical register element of a well-known INTARAIN transfer 
cel. forms the Internet Fair 2001 Japan TRON INTARAIN transfer eel 401 which was explained with reference to 
drawin g 12 , and is acquired. Actuation of such a sensor is dramatically similar except for not needing the image 
shutter in actuation of the Internet Fair 2001 Japan TRON eel of a perfect frame sensor, and an optical camera 
system. Since a vertical register is covered from an incident light line, the dirt of the image between read-out is 
not generated. In the Internet Fair 2001 Japan TRON eel of the vertical register 409, before it is transmitted to a 
series-read-out register, multiplication of the charge is carried out. The pair, then same view as the perfect 
frame and frame transfer structure of including the Internet Fair 2001 Japan TRON eel in both a vertical CCD 
register and a level read-out register is applied also here. If a eel 201 is replaced and the Internet Fair 2001 
Japan TRON INTARAIN transfer eel is included in frame transfer structure, new frame INTARAIN transfer (FIT) 
structure will be acquired. 
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[0051] Since the frame INTARAIN transfer structure without the Internet Fair 2001 Japan TRON eel is common 
knowledge at this contractor, explanation beyond this is not given. Much of other combination of the Internet 
Fair 2001 Japan TRON cellular structure and sensor structure is possible like the serial register arranged at both 
a double serial register, the upper part of an array, and the lower part. For example, when an image sensor array 
is constituted only from an Internet Fair 2001 Japan TRON INTARAIN transfer eel of one train, one train sensor 
(line sensor) is formed. 

[0052] Other groups using the Internet Fair 2001 Japan TRON structure of an image sensor are groups who 
used the activity (pixel AP) (Active Pixel) image detector. Since it is usually made by the CMOS processing 
technique, generally these sensors are known as a CMOS sensor. The primary difference of CCD sensors other 
than a manufacturing technology and a CMOS sensor is in read-out of an image. In CCD equipment, a charge is 
usually transmitted to only one output detection node from each pixel of an array. This is performed by giving a 
suitable clock electrical potential difference to the various charge transfer gate electrodes of an array. In a 
CMOS sensor, a charge is sensed, and it memorizes or is amplified by directly suitable amplifier within a pixel. 
The output of a pixel is obtained by carrying out X-Y addressing of the pixel, and reading the amplified signal. As 
compared with CCD equipment, the CMOS sensor has a certain advantage. There is one example in the integral 
capacity of a system, and other advantages are low power consumption. 

[0053] Inclusion in the activity pixel sensor of the Internet Fair 2001 Japan TRON structure is explained with 
reference to drawin g 13 . In drawin g 13 , one pixel 525 of an array includes the activity eel field 501 incorporating 
the changed Internet Fair 2001 Japan TRON cel. A eel contains the gate electrode 502 and the charge 
multiplication gate electrode 506. An area 505 is the virtual electrode field VE. The area of the activity pixel 525 
on the outside of an active region 501 is preferably formed as a channel stopper. The Internet Fair 2001 Japan 
TRON eel contains the transfer gate electrode 503, n+ diffusion charge detection node 508, the reset gate 
electrode 504, and a drain 509 further. The activity pixel unit cell 525 contains the addressing transistor 51 1 
further shown in the sensing transistor 510 and a graph. 

[0054] actuation of the sensor of drawing 13 — setting — a photoelectrical load — storing of the lower part of 
the virtual electrode VE 505 — a well is piled up. after accumulation is completed — storing of the lower part of 
the VE field 505 — multiplication of the charge accumulated on the well is carried out like the above-mentioned 
by impressing the suitable Internet Fair 2001 Japan TRON clock electrical potential difference for the gate 
electrodes 502 and 506. After multiplication is completed, a charge is transmitted to the detection node 508 
connected to the gate of the sensing transistor 510. The output node of the sensing transistor 510 is combined 
with the vertical sensing line 514 through the addressing transistor 51 1 . A flow of the addressing transistor 51 1 
combines the output signal from a sensing transistor with the vertical sensing line 514 of an array through a 
transistor 51 1. Bias of the line 514 is carried out with the current source load in the terminal. Many pixels of an 
array are typically connected to one train (GARAMU) sensing line (for example, train sensing line 514). The 
vertical-scanning circuit 521 minds a line 512, continuously, sequential-turns on two or more transistors 511, 
turns them off, and performs a vertical scanning. After the signal has been sensed and a transistor 51 1 is turned 
OFF again, a pulse is impressed, the gate electrode 504 is reset, and the sensing node 508 is reset to the 
potential of a drain 509. The period of a reset action and the drain bias line 513 descend to a suitable reset 
voltage level temporarily. In this way, a line 513 performs the object of a duplex. One supplies drain bias to the 
transistor 510 between read-out, and another supplies the criteria bias between reset actions to a drain 509. 
The horizontal scanning machine 519 performs the horizontal scanning of an array. A scanner supplies an 
instruction pulse to the horizontal scanning switch 515, and connects continuously two or more vertical sensing 
lines 514 to the level sensing line 516 one by one. The array amplifier 517 stores temporarily the signal which 
appeared in the level sensing line 516, and sends the memorized signal to the output array terminal 518. 
Although various deformation of the above-mentioned basic activity pixel (Active Pixel) CMOS sensor is looked 
at by reference, please understand the above-mentioned explanation to be mere instantiation. This invention 
includes all the various deformation that incorporated the Internet Fair 2001 Japan TRON structure. 
[0055] Since it was brief, many detail parts were omitted from the above-mentioned explanation. For example, 
blooming prevention (anti-blooming) structure with a usually suitable image sensor is established. It is called a 
longitudinal direction overflow drain (Lateral Overflow Drain) (LOD), and one of such the structures applicable to 
a technique given in here is indicated by United States patent No. 5,453,632 besides high NESUKU (Hyneeek). It 
includes in this application by considering the content as reference. Longitudinal direction overflow drain 
structure is arranged one of the channel stopper fields of the Internet Fair 2001 Japan TRON eel preferably 
shown in drawing 14 . In drawing 14 , a eel 201 contains the suitable (the implant was carried out) boron 
obstruction pad (Boron Barrier implant) 263 embedded in the bottom of the polish recon gate electrode 260 
located on the channel stopper field 206. and the gate electrode 260. The gate electrode 260 contains the 
central opening 261 which demarcates n+ drain field. It connects with the gate electrode 260 and the drain field 
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264 is connected to the longitudinal direction overflow drain ternninal 266 by the metal wire from there. Thus, the 
potential configuration where line C-C as shown in dr awing 15 was met is formed. 

[0056] the suitable bias 257 ( drawing 15 ) impressed to the longitudinal direction overflow drain terminal 266 in 
actuation of a longitudinal direction overflow drain — storing — the potential barrier 256 which limits the charge 
accumulated on a well is formed, a photoelectrical load — storing of the lower part of the virtual electrode VE 
205 ( drawing 14 ) — if accumulated to the level 256 decided to be a well by the bias impressed to the amount 
and drain 264 of the boron pad 263, an electron will begin to flow to a drain, this — the sampling volume of a 
photoelectron — a well — it is made to make potential lower than level 256 more than a complement, and the 
blooming of equipment is prevented. 

[0057] Other general formats of blooming prevention are vertical overflow drains (VOD). Since it is brief the 
detail of known vertical overflow drain structure is omitted. It is suitable p with which this structure is typically 
made on the substrate 262 of n-mold, and CCD equipment is indicated to be to drawing 15 . - It is arranged at a 
lA^ell 265. Since this structure is effective in reduction of the bulk generating dark current (bulk generated dark 
current), it can be used even if a metaphor vertical overflow drain does not operate electrically. This contractor 
could understand that the Internet Fair 2001 Japan TRON eel 401 is equal to vertical overflow drain structure. 
[0058] The example of the clock electrical potential difference concerning a substrate (0 volt (V)) about the 
sample (TC301) manufactured recently is as follows. 
Charge sending clock: +2V and -4V; 

Charge increase clock-doubling: +18V and -4V (a high level can be changed when different gain is required); 
Pinning bias level: These are only instantiation and -5V, however this contractor could understand that it can 
adjust in other equipment or approaches. 

[0059] In drawing 1 6 , the Internet Fair 2001 Japan TRON eel contains the 1st and 2nd gate electrode 602 and 
BOS which crossed it and was formed in insulation on the channel which was formed in the substrate and 
demarcated among the channel stoppers 604 and 606, the charge multiplication gate electrode 622, and said 
channel. The 1st and 2nd gate electrode 602 and 603 has the 1st and 2nd RETIKYURESHON (reticulation) which 
borders opening 621 through the plan of the 1st and 2nd gate electrode, respectively. The charge multiplication 
gate electrode 622 is insulated and arranged on the opening. The 1st and 2nd gate electrode 602 and 603 is 
made from the 1st and 2nd polish recon layer, respectively, and the charge multiplication gate electrode 622 is 
made from the 3rd polish recon layer. Cross-section D-D' which crosses the 1st and 2nd gate electrode is 
illustrated by drawing 17 . 

[0060] In drawing 17 , an insulating material 703 is formed between them, and an adjoining polish recon gate 
electrode is formed so that the lap part (overlap) 704 may be made. This structure is made on a substrate 705. 
The 1st gate electrode 701 is made from the 1st polish recon layer, before an inter-electrode insulating material 
is formed. The 2nd gate electrode 702 is made from the following process from the 2nd polish recon layer. In the 
example shown in drawing 16 , an additional insulating layer is formed on the 2nd polish recon layer, and it is 
made on the structure where the charge multiplication gate electrode 622 subsequently contains the 1st polish 
recon layer, an inter-electrode insulating material, the 2nd polish recon layer, and other inter-electrode 
insulating materials from the 3rd polish recon layer. 

[0061] The option which forms the Internet Fair 2001 Japan TRON gate electrode is illustrated by drawing 18 . 
In drawing 18 , with the gap 803 small in the meantime, it insulates from a substrate 805 by the gate dielectric 
layer 804, and the gate electrodes 801 and 802 are formed. The gate electrode structure formed from a flat and 
single polish recon deposition (deposition) layer by this is made. The multiplex gate can also form an additional 
polish recon layer without the adhering complicated processing by this approach. A gap is less than [ 0.1 micron 
ividth efface or it ] controllable today when high resolution lithography is available. Electric field strong thereby 
enough allow generating in the border area of the gate pair gate, and make activation of both of charge 
multiplication easy with an efficient charge transfer. 

[0062] In drawing 19 , the Internet Fair 2001 Japan TRON cellular structure contains the 1st, 2nd, and 3rd gate 
electrode 902, 903, and 907 which crossed it and has been arranged in insulation on the channel which was 
Formed in the substrate and demarcated among the channel stoppers 904 and 906. the charge multiplication gate 
electrode 922, and said channel. The 1st and 3rd gate electrode 902 and 907 is formed from the 1st polish recon 
layer. It is formed so that it may have RETIKYU rhe SHON (reticulations) through it, respectively, the 2nd gate 
electrode 903 is formed from the 2nd polish recon layer — having — near RETIKYURESHON of the said 1st and 
3rd gate electrode — it — letting it pass — a gap — having — the plan of the said 1st, 2nd, and 3rd gate 
electrode — letting it pass — opening 921 — formation ****** — it is made like. The charge multiplication gate 
electrode 922 is formed so that it may be arranged in insulation on said opening from the 3rd polish recon. What 
this Internet Fair 2001 Japan TRON cellular structure is extended, and can be extended so that an additional 
gate electrode with the gap which is useful to the opening 921 of the lower part of the charge multiplication gate 
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electrode 922 may be included could understand this contractor. For example, the gate electrode 903 is divided 
into two isolated gate electrodes 903A and 903B, and you may make it the Internet Fair 2001 Japan TRON 
cellular structure of drawing 19 contain four gate electrodes. 

[0063] Although the above-mentioned explanation was made mainly about p-mold silicon substrate and Si02 
dielectric, it will be understood by this contractor that n-mold substrate can also be used with the ingredient of 
other formats, such as a gallium arsenide, mercury cadmium, and a telluride. Especially attracting high attention 
is Internet Fair 2001 Japan TRON INTARAIN transfer equipment which used as the base the silicon whose light 
side field is a platinum silicide schottky-barrier diode. 

[0064] A standard light filter array and a standard small lens array are equal to the Internet Fair 2001 Japan 
TRON technique again, and can be formed by deposition or other approaches on the Internet Fair 2001 Japan 
TRON image sensor. This versatility is peculiar to the Internet Fair 2001 Japan TRON structure, and cannot be 
used in thermionic-tube image consolidation equipment. The Internet Fair 2001 Japan TRON cellular structure 
makes manufacture possible, carries out an efficient color single photon detection (SPD) image sensor in this 
irt/ay, and enables an important advance of the color image formation technique of the low quantity of light. 
[0065] photosensitivity field where the following be offer according to the content from which the new example 
be indicated; solid-state image consolidation equipment with which said carrier multiplication area have not lap in 
said channel stopper and anywhere including the high electric field carrier multiplication area where channel 
stopper; and the at least 1 section which restrict said sensitization field in part at least exist in said sensitization 
area. 

[0066] The solid-state light-sensitive device with which the multiplication of the charge collected in said 
collection service area is made to be carried out in said carrier multiplication area including the phot carrier 
collection service area containing the semiconductor material of carrier multiplication area; which can 
impress :high electric field provided with the following, and can carry out induction of the impact ionization, and 
the 1 St conductivity type according to the content from which everything but a new example was indicated, and 
said carrier multiplication area has not lapped in said channel stopper and anywhere. 

[0067] charge storing restrained by :Iongitudinal direction in which the following is offered according to the 
content from which everything but a new example was indicated — the carrier multiplication field which can 
impress well; and high electric field and can carry out induction of the impact ionization of an internal carrier — 
containing — said multiplication field — overall — said well — the solid-state charge amplifying device structure 
i/vhich exists inside. 

[0068] When [ at which the following is offered according to the content from which everything but a new 
example was indicated ] carried out :bias, It is not avalanche-like in at least one electrode pair; arranged so that 
induction of the longitudinal direction high electric field may be carried out into the volume of the depletion-ized 
semiconductor material, and said high electric-field field. Solid-state charge amplifying device structure including 
the additional equipment structure of transmitting a carrier in accordance with the trajectory which allows the 
impact ionization of a single event (single-event). 

[0069] The process of transmitting [ through a high electric-field field ]-within rsemiconductor material with 
lA^hich the following is offered according to content from which everything but new example was indicated-one or 
migration carrier beyond it; is included. Said high electric-field field is the magnification approach of the solid- 
state charge which is sufficient reinforcement to generate the electron of the addition proportional to the 
number of the electrons transmitted by producing the impact ionization of a single process, and exists in the 
volume of said semiconductor material with which said whole high electric-field field was depletion-ized. 
[0070] When bias is carried out to both .that are provided with the following according to the content from which 
everything but a new example was indicated. At least one electrode pair; arranged so that induction of the 
longitudinal direction high electric field may be carried out into the volume of the depletion-ized semiconductor 
material is included. When said electrode pair fully approaches the volume of said depletion-ized semiconductor 
material, and is located and bias is carried out on such a high electrical potential difference that said electrode 
pair is enough to start impact ionization to said semiconductor material. Structure of a solid-state charge 
amplifying device where the field of the electric field of sufficient height to start impact ionization is fully small, 
and the probability of an avalanche is zero substantially. 

[0071] It is a sensor containing at least one cel. : which is provided with the following according to the content 
From which everything but a new example was indicated — The channel by which each eel was formed in the 
substrate; the sensor containing said at least one eel containing the charge multiplication gate electrode 
prepared in said gate electrode structure; [ by which it was crossed, it has been arranged in insulation and 
opening was formed on said channel ], and opening top, and the interior in insulation. 

[0072] 1st, 2nd, and 3rd gate electrode; is included at least, according to the content from which everything but 
a new example was indicated, on channel; charge multiplication gate electrode; formed in :substrate with which 
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the following is offered, and said channel, it was crossed and it has been arranged in insulation — It has 
RETIKYURESHON. the said 1st and 3rd gate electrode — each — Said 2nd gate electrode is a sensor by which 
it has a gap so that RETIKYURESHON of said 1st and 3rd electrode may be approached and opening may be 
bordered through it. and said charge multiplication gate electrode is arranged in insulation on said opening and to 
the interior. 

[0073] The obstruction which exists between wells is decreased, according to the content from which everything 
but a new example was indicated — the following storing — the lower part of icharge multiplication gate 
electrode with which the approach of carrying out multiplication of the charge of a well is offered — 
multiplication — forming-well; — said storing — a well and multiplication — The charge with which said first 
charge combined with the charge of said addition, and multiplication was carried out is constituted, said storing - 
- the charge stored in the well — said obstruction — exceeding — multiplication — making [ it is transmitted to 
a well and / generate an additional charge by impact ionization ]; — the charge by which multiplication was 
carried out — said multiplication — said storing from a well — said storing including each process of 
transmitting-to well; — the approach of carrying out multiplication of the charge of a well. 
[0074] 

[Correction and deformation] The range of the theme which a new concept given in this application is made as 
for rear-spring-supporter correction and modification to very much applicability, therefore is patented is not 
limited to what kind of specific instantiation-instruction so that this contractor may understand. 
[0075] For example, the indicated carrier multiplication structure is not limited to the range of the above- 
mentioned image formation equipment structure, and is applied to other structures. 

[0076] As other examples, the indicated carrier multiplication structure is not limited to image consolidation 
equipment, but is applicable also to the charge magnification in other circuit relation like charge field signal 
processing or radiation detection. 

[0077] It is possible to control the number of pulses which uses this technique, and changes the electrical 
potential difference of a multiplication gate electrode, or is used for a magnification cycle, and to control 
magnification. These both can control by the sensor chip externally. Especially this is useful to the color image 
formation [ as / in a certain example to mean ] which can apply a separate magnification multiplier to three color 
channels. 

[0078] In any of a publication of this application, it should not be thought that they are a certain specific 
element, a process, or the indispensable requirements in which a function must be included in the range of a 
claim. The range of the patent theme is demarcated by only the permitted claim, furthermore, after the 
vocabulary "means for" with exact all of these claims participle since it continues — if — an United States 
patent method — there is no intention depending on the paragraph 6 of the 1 12nd article. 

[0079] This application asserts the priority of the U.S. preliminary application numbers 60/151.370 of application 
on August 30, 1999. It includes in this application by considering the content of this preliminary application as 
reference. 
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* NOTICES * 

JPO and NCIPl are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The plan of a representation target's known CCD eel is shown in the conventional technique. 
[Drawing 2] The cross section of the standard eel of drawing 1 is shown with the change configuration of the 
potential used for explanation of charge transfer processing. 

[Drawing 3] It is shown with the change configuration of the cross section and the potential of the direction in 
two different gate bias conditions of the standard eel in alignment with line B-B' of drawing 1 . 
[Drawing 4] The illustration of the detail cross section of a channel stopper field and the beginning of dark 
charge generating by electron hole impact ionization processing is shown. 

[Drawin g 5] The plan of the general Internet Fair 2001 Japan TRON unit cell by this invention. 

[Drawin g 6] The cross section of the Internet Fair 2001 Japan TRON eel shown in drawi ng 5 is shown with the 

change configuration of potential in the gate bias conditions that plurality differs of corresponding. 

[Drawing 7] The common timing chart form which shows three different cycles of impact eel timing is shown. 

[Drawing 8] The common timing chart side which shows the model of the charge multiplication processing used 

for induction of the formula of the charge multiplication noise by this invention is shown. 

[ Drawing 9 ] The block diagram side which shows the configuration, of a perfect frame image sensor and a frame 
transfer CCD image sensor. 

[ Drawing 10] The plan of another serial register by this invention. 

[Drawing 11] The block diagram side which shows the configuration of a high-speed CCD sensor including the 
Internet Fair 2001 Japan TRON cellular structure. 

[Drawing 12] The plan of the INTARAIN transfer image CCD sensor unit cell incorporating the Internet Fair 2001 
Japan TRON structure by this invention. 

[Drawing 13] The drawing in which the circuit relevant to the plan of the unit cell of the array of the activity 
pixel CMOS image sensor incorporating the Internet Fair 2001 Japan TRON structure by the instantiation- 
example is shown: 

[Drawin g 14] The plan of the general Internet Fair 2001 Japan TRON unit cell incorporating longitudinal direction 
overflow drain blooming prevention structure. 

[Drawing 15] The drawing in which the change configuration of the eel poterrtial of the sectional view in 
alignment with profile line C-C and direction of the eel of drawing 1 4 is shown. 

[Drawing 16] The plan of another Internet Fair 2001 Japan TRON cellular structure by this invention. 
[Drawing 17] 2-Pori which shows the field with which the gate of the Internet Fair 2001 Japan TRON eel laps, 
the sectional view of 2-gates structures. 

[Drawing 18] Another flat single-Pori in the Internet Fair 2001 Japan TRON eel, the sectional view of multiplex- 
gate structure. 

[Drawing 19] The plan of another NOIMPAKU TRON cellular structure by this invention. 
[Description of Notations] 
101 Unit Cell 

102. 103, 202, 203, 222 Gate electrode 

104. 106, 204. 206 Halt field 

105 205 Virtual electrode field 

1 1 2. 21 2, 705, 805 Semi-conductor substrate 

118 Gate Dielectric 

1 1 9 Electron Hole 

201, 332, 401 The Internet Fair 2001 Japan TRON eel 
204, 206, 404, 604, 606 Channel stopper 
904 906 Channel stopper 
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211 Impurity Range 
217 218 Dielectric layer 
221 Opening 
264 Drain 

301 501 Active region 

302 Periphery Field 

303 Gel Array 

304 Interface 

305, 317, 325. 333, 409 Register 
307 Detection Node 
309 328 Amplifier 
322 Phot Gel 

402, 403, 408, 502, 503, 504 Gate electrode 
506, 602, 603. 622, 701, 702 Gate electrode 
B01, 802, 902, 903, 907, 922 Gate electrode 

406 Optical Detection Field 

407 Transfer Gate 
409 CCD Channel 

508 Detection Node 

509 Drain 

519 521 Scanner 
525 Pixel 
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U-oX. Tl^Hltlf^S. 3 3 7, 3 4 0^{Csa® 

mtat -s c tmucmm^^Sit ^ctti^xt^(ox\ 
m^{mmmz^\.^xm.-^ff3^m±<omiiL^mmt^ c 

[0 0 0 8] *H1^l^m5, 3 3 7, 3 4 O^ti^^ftc 
fe<fct>*^-(DC C D^^^gH'\®lSfflti:*5tt-5+^';7 

CCDm^X^m-^nmm^tyit (impact ionizatlo 
n) ^^^cfo «S-Y:i-y^t:^ifrLv^lt?-IE?L>^^^fl 

V><DT\ :&r£n (7/^5 ±ifgti?*LT|g^L^ 
v^o i:nA^#W^5, 3 3 7, 3 4 o#tci2m<D®:i;A^ 
1ffFm4, 9 1 2, 5 3 6^{J:|eK<Di?:S*^5.Eg'J^n 

s#MoioT'S§o mm-<tyit(o-fti^xiitm^ 
(c$i^3b^'>*i^(DT% )t?f§4t isin^ffi^ttm^^ 
^^tb (s/N) ^m'pt^ctmuci^x7-i.(Dmm 
mmjL±icmimx^^ct^. mmmicmmx^^o m 
^mc. rj:r£nm.mm=^mfu-t7.x^^ mm-^t 
yim 2 u 7^fi4L, 2 u 7t±^ng# 
$etc2:^4^-v';7^fg4-r§) o 

[0 0 0 9]#if^5, 3 3 7, 3 4 0^{C|a®^nT 

*^ofco ^\^^7.^ (Hynecek) CO "/J\$ ;S:H^ C C D 
H^-by-9-lc:6lt§«^^^tm{J:jiL/'cC CM-A^irL 
l^i&Bn^^^VymiSl^m (CCM-A New Low-Noise 
Charge Carrier Multiplier Suitable for Detection o 
f Charge in Small Pixel CCD Image Sensor) "39 
IEEE «?^SJi:IB-r5#^ 1 9 7 2 (1 9 9 2) 

T^^^^tU (SPD) liA>< LTM$LV^g^i:LTfi!(^ 

[0 0 1 0] 01, 2t±, «^SI«<*MO±^»? (*- 



(5) 

7 

;H 0 1 (D±cB0fciTffi0^^-ro 0 1 tfcV^T. 5^+ 
XH-y/^fli^l 0 4. 1 0 6 ti YTjlRjttW^^^ftj 
-13^~ 1 0 2 . 1 0 3 (iigStt® (Virt 

ual Electrode) (V E) fg^ 1 0 5 i:«{CX:^(Rl{J:« 

04. 1 0 ecor^icii^^n^o ^D>y^^^f 1. f 

2 ^^mffiM^ (physical structures) IC^^^M^ 

msmmmmd.^mcm-^n^o y-hmmi 0 2. i lo 

0 3^CJia^/^'1'7x^-%■x.^ci:^cj;Dtt^pf^4CCD 

^•\'^-'l'©±TtilS3l (transferred up or down) ^tl 
So 0 7. I 0 8tc43ttS^ay-h/WTXlC 

J: 5mffi^g4^Rl>*^<Oii^*<DS?^|gjii!!ia*^ig 2 IC^st 
nSo 11^1 0 7. 1 0 80«{iL(ilx'^;H 5 0*^?> 1 

5 zicmitu y Emn(Dm.mm^u^)v 1 5 1 f;:^ 

fc^U ^+^;l/-xh-y-'^^ii<OPiffli 1 5^04};: 

TTsto mu 2(Dmw.Rzsmi^i oznmi 1 2. 1 1 

6. 117. 118ti05. 6(Dm^RZSmmZ0Zr} 20 
M2 1 2. 2 15. 2 17. 2 1 BtCil^^jSU Cti 

[001 1 ] (Background charge) <D^&i 

m4^mmLxmi>^<mmtH^o ^'-hmm\ os 

mmi 1 2i:y-h^«t*:l 1 8<DF^<D^® (-r^^- 

7x-x) (h^>yy) ^nso ^-hmmi o 

1 1 3-h^<bi 1 4Kmtt^!itic^K)mtii-^n^o ap 

U tt?l 2 0^fg4-r?.o 5&if^T©CCDgttfi0 
nc^?nS<fc'5fcy-h«ffil 0 2. 1 03*^^+:^ 
;!/ • 7>h>y/^l 0 4. 1 0 6 ^i;i--/^-5-y7'-rs (S 
^S) mm^^z>X\.^^(DX\ MSL<^V^«?Sf(Dfg4 

■Q^eti. ^Sii? 1 0 2 i: 1 0 5 ©f^atf-'nlJ?? 1 0 3 i: 1 
[0 0 12] fiifiiDCCDSHfCfeV^T. ft^^^^raiC 

^fflv^T{^e.n/cc c Dsafcfev^T^m«??f©^** so 
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[0 0 13] fi^JfeS'^gfi. «?^^®8i*^^<D±fcEg 
(single-carrier impact ionization process) fcj;t) 

:^S>&P^LTV^;5:V\ t;£*SliBl±. l otD•fe;H^^c^5 
v\ 

[0 0 14] 

5. 3 3 7. 3 4 0^tCie®<DgB(D»iiiffiWt±^^U 
^^g/J^^c t" 5 c J: 0 2j(^T' 1 5 c ^flM bfco 

[0 0 15] :^mit^mmmmzn-r^^^-^ntcm± 

%^ (immunity) ^-^xS5}f^^nfc@f*^^ U TtflS 
S^fflW^W?^ti^H^ (charge multiplication pixe 

1) ^m^st?>o ±faso*ffio@wt±. mmim^^n 
nmmn(o±icmmi.xmm^nr!zmMm^¥- hmm 

^iiii^K ^2<Dr^py-h^ii^#*'. ^n^tiM 

— >/3> (reticulations) ^^^cTV^So giJ^D^SIM 

mot)m&-^nx\^^?»o 

[0 0 16] 'Si\<Dm&micimm'y:i^Mzmmtnrzm 
wicmm-^ti^m^t,mmm^m^xm^'y:i^Mmm 

So ±^?3}S{±?5.tJ:tiig^nrc«?^^Huf2ti<g'i'x;l/ 
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[0 0 17] MS^n/c^B^ (innovations) It. #3 

.fcOT^a^'^As/cW^T-t^o unit. mi§^- 

^{bsa (s s 1 1) o 
coo 1 8] mmtnr!i:$inm^. 

[0 0 19] 

[00 2 0] H5. efCtJV^T. -fy/^^ buy (I M 20 
P AC IRON) -fe;U2 0 lA^ilSA-A' Icm-oTciHts 

Xh>y/^li^2 0 4. 2 0 6{±Y75"lRjtC«if>&it| 
^L. ^*-h«<i2 0 2. 2 0 3li{SS«^ (Virtual 
Electrode) (V E) M^2 0 5 i:Jt{c«^^;g:X:^[nItc 

ifiimfSo ^uy^m^fi tfz ^^m&^m^ (phys 

ical structure) lc-^^^n%ff^^W&WBl>im^K^ 
[OO2 1]0K 2©1iJg(C{i#Sn^V^0 5. 6© 

mmommi c c D^-\'^;Kosi?tiiL^fcy- 2 30 

0 3{cr?3P^nfcP3}g©MP2 2 1 -r-^So ^-hmm 
2 0 2ojgfigii:fflv^e.nfccDi:(sii;^P;b^';r-h(Dr>flp 
^^2 2 i;&aa-r?.o L:«)^u mmn^mmr^z: 

V\ J^fiSc^n^.'f-h 2 2 2{i:«Mii^ (Charge Multi 
plication) (CM) tmitl. ^M^2 2 3(cig^$ 

[0 0 2 2] -t;l/{i:^2p(D^^ficp-SS:K2 1 2 ±.lZ 

mmtn^o mimmimnmcmwi o" cm" (Dt 40 
-^^T F-ey^$nfc>"; =2yt-r§o c c d^y^^ 
;i/^}^fiE-r53i^^n-s^ii3e^tgi^2 1 ift^ssos 

^tn^o cti^(Dxmiic(DMm-^mic:i3\.^x-m.ffi 
x&^(DxmmrjimmiiLrj:\.\ ±mmm(D^mwME 

Itl 0" cm"' (0^—$^. m(Dm^ltO. 3 urn (3 0 

0 0:tyi^*7vhn-A) (Dt—^X&^o 

[0 0 2 3] mmrjimmi^mz 1 8A^sifi±(cit^$fc 
imm^n^o ctiim^iim^o. osfim (300 

:4->'-ifXhD-A) OZmiti^V^ySiOiX&^o -t 50 
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;U±!if$b<l±^5)fcJi2 1 8(D±{cEg$ti5{tk©^ 
mM2 1 7^^t?o ^Jx.tf0. 0 3 ftra (3 0 0;a-:/ 
^•Xhn-A) i?^^Og{t:v^U=iySi3N4CDiia{c<fc 

0^<Ocfc9*M*^ffM$n5o 12 1 nmnm^<D^ 

0. 0 0 5 /im (5 0:d-y^*7.hD-A) <D:*--^*0{{& 
«Dm^Simi^^Ji±©ll5^-eS2 1 7(D±ICB^L 

[0 0 2 4] -ry/^^'hnV-fe;WiM{CtSi|52 0 2, 2 

0 3. 2 2 2ic^^B^'^ti^^-hmmmm^'^iSo 

ijny (.-KUi^Uny) T% y-h«M2 0 2. 2 0 3 
<r>mMt^tl^no . 4RD*0. 15/imC4 000R 
tfl 5 0 0;*-y^*7.ha-i:K) T'fe^o ^-V2 0 2\i. 

^-V 2 0 2. 2 2 2ts^(hmmm.wm2\Q\z^K)m 

gl^n^o iI(D^«i*:S(iy- h 2 0 3 (DlMifSm^:. 
Ol45*HCJpV\ ±gP<D)?V>iimmo. 2 5/tm 
(2 5 0 0 ^*7. h n-A) cD:t-^*T\ y"- h 2 0 
2 i: 2 0 3 ©F^(D$iS»^^MWtcM^l>-r§*\ liJi 
2 0 3 0iia5©^«i*©JS^tt«^i:«®r^©*6i^fiS« 

p K-^^^ 2 0 9 n -So F- 

yi2 1 otCcfcDffM^nfcissim (VE) mw.2 0 

(c-rSo 3 Clitic cD^^5i-S^T'-lS6^fc^ffl$ 

[0 0 2 5] Il5tc^$n§y-htt<i2 0 3tD^P3fl^ 
i:R0Mn 2 2 1 ^'S^- h«M203il222 (Df^<D« 

Lfc#tcttWn2 2 1 «<it|cD^**<^fm. SP3 

JF^. ^^i^^t^MBicmi^-r^ctti'^x'^^LL tt^^f^ 

[0 0 2 6] **«^^tD|g4<D»^-ry^^^ Fny-t;l/ 

ommB^^mx^xmmx^^o ^)]^(o±nm^^ ^ 

Mt 3 ■zxom^mm ■ m^mmmm r i . m^m^m 

^W^<DF^3 0CDy-htt112 0 2. 2 0 3. 2 2 2 (i 

^T06t^$n-5«{fiu^;i/2 5 ojcjtis-rsafe^ 

OT:^(DSffi«{aA''S^St^:try±i6 (pinned) ^tl^O 
T. il<DU^;l/%tf— y^'l-'^;!' (pinning level) t 



11 

Tyjicmnnm^^ (interface state) ^Mfcto C 

S't^W^Mik'^^Ljl (integrating potential well) 
mmmi^tl^t. ^-VmmzOS. 2 2 2(0/UT7. 

[0 0 2 7] n^mismmTc, ic^i^^x. mmmis^^fv 
^ti^'-hmm 2 2 2^2 0 3 ft-^x. 5>n5o m^m^ 

- h (D~f(OmiiL^ 2 5 5 i: 2 5 3 <Dm\t.mtt 
5o y-h«<i2 2 2i:2 0 3{c#;^e.ti5/^;l/X(O+B 

mmmiimm^^TTs-zH^o v^m^f-vmm2 2 

2tV-VmM2 0 3<DM#O^W7X{ig|?]il{5U^ 
;l/2 5 5 (lae) tc^iS-r5{gv^U'^;Wcfe^o oi.^ 

'y-hfUi2 0 3®;W77>*^^{b1-^tu{i:^(DS 

Uy- hm® 2 0 3 (06) ©T:^cr)^^ 2 0 8 fcmfi 
l^g (fgm) *^}^fiS^nTV>^ttn(^. flii2 0 9O 
«^^'j7x;^A^^^«^^ (photocharge) ^^Itolt^o 
[0 0 2 8] :^j(:©Igtfev^T. WMm^^- VmM2 
2 2<D;U77.tf^^(0m^\^^Mz±.mt^m\^. V- 
h«ii2 0 3cD/W77>A^±#LTRi^2 0 8cD«{!i^ 

±#-r^o iin;^\ mm2 2i inMmi^f-hm.m2 

2 2<DT15) i:SI^2 0 QcD^^-^xyKOF^t^ft-r^ 
«{u!^g^{g<-rSo «?ttfgigE2 0 9(D« 

5^-'^x;l/*^5.^«2 0 SOttffil^g^SxTillSfii^li 

2 2 1 t{m&mm2 0 8<Dmim^-&ti^nm^mn 
tcjjitn^fe^o Bi^2 2 1 i: 2 0 8©Ht#a-r^s« 

[0 0 2 9] M^2 0 9(Dai3>'>x;l/A^P,^T(7)«?*^ 

m^2 osomamm^m^rmmiiLm^z 2 1 fcgji 
mmit^mLxmnz 2 1 cD^T«^)«?AWE«ii2 0 
2 0 3o/W7x^{g<-r§B5{c, mnmiBf-hnm 

2 2 2<D/W7X*{g<-r5ci:tci;D^^^n5c 
L*^L, gt^f $ LV-'iSti: 5 0 i; 5 0 0 0>'^7l/X(DF^T' 
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[0 0 3 0] mmommrsmimmmmmmrn x\ t 
(rmcmmm y^^^ v a y^)\^t-^{bmmt^:iK<oim. 

j; 9 ^ftfecDffia© C C D^iiT'^^o «?^^3ir^ll 
r i» CDF^tC. -y- h 2 0 2. 2 0 3 tc^x. ^n^/^)]/7. 

2 5 5 i: 2 5 2«0r^T«^-&§„ 

[0 0 3 1] /U7xmzim^mmmm<Dmi: k> i>m 
^tmw.x't^t^it. zyifm^\B\m^m^itL 

y-h«<S2 0 3. 2 2 2l±«fiL2 5 2fc2 5 OJCMIS 

[0 0 3,2] ^Toy-h«»i«^mra<DP^(D^^i^x 

yy>'W7X (pinning bias) tC/^'<7X$n5tD"?. 
T(D]ElHi^~ h«S203i:222 (D-fljOMM^^ 

mi}^^WLiiitnxmi^^j:^mm^ty<ti>mc-^rji 

[0 0 3 3] S#^^U7tg^tcj:D-r>^^^' hny-fe 

Mc?^±t^m^(Dmmm-(Dyt^t^iii (spd) 

30 r;HiN{@<D|5ii;ii^g|S<DaiS (^x-r:/) 

^IS{iii<g5J'i[ (multiplication variance) o' 
¥1^1 (multiplication mean) n^t)Oo -^x.S)tl/cS 

[^ 1 ] 

n(7i-l) 
(1--) 

40 In(M) 

[0 0 3 4] ^{B>S?©ltfglS<t»^^t±^^«^S«©m 

m^B(D^mc^*)mm$mic^b-^\^^ (o" = o. 002 

tD:t-^*) o ±m(D^iC-i>t^Xs mm^mm (excess 
noise factor) F^if^nmc 1 ^M^i.STiCtiil'ilS 

miS(Dvummmic4^t<xi>. i oa^s i o ocotgig 

50 fll^tSfn (single carrier charge multiplication) <D 
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iSSit.^U^O^rcHiiiB (avalanche multiplication) 

rcit^^/-h' (dynode) mm^^mt mmmm(DU 
m^mc K> . 't(fMwmmMmxtmm^Y" = 2 

[0 0 3 5] 4y/^^Yxiy(r>'i^<on^^,t^<.omR<J:> 

ffl^jA^^OaM^^O^^tDfiaj^^g. 10. IK 12 

CO 0 3 6] @9(C^V^T. ia50^-\'^>.;l' • Xb-y/^ 

2 0 4. 2 06il|5li::^3g^feOSafi^3 0 2A^ig1ft 

Eiis 0 1 ^Htfo iSliEi^s 0 1 \t^y)^^ hD>-b 

;l/2 0 1 (05) (DiE^JtJ:Djifc^n^o ^^gP^'^/l/X 

ffi5^icJgil4^?3 IK 3 12, 3 1 3^m5o ± 

n§^-by-9-li^^7U-A (Full Frame) (FF) ¥ 
#^Xt±}i^§§ (imager) tRft^tl^o CiDJ^Scogfi 

Kf-rsefc^jg^tf 50-^. (D 

scs) <p)^oix%iy^-j^^%,'Drz.'^m.yx^h\zi^ 
ffl^nso ^^»]E^3 0 1 xt'm-m.m o 4^/>lt 

il^J (S'UT;!/) Ui?X^3 0 5i:gi^?n'5o Ctl 

m UiyT. ^ tgjM^ ni) o a^iJ ^ Bu (c 0 1 tc^ 
LrcJ:9*^,Jp<DCCD-b;H 0 Kb^e^So l^v^X^ 

<Disa3{i:i$[f@<D-ir;i/3 0 eA^^p^n. mmt-^^^iny 

- F 3 0 7St/tgii'It5 3 0 93gcDiE^^S46?.o WM^ 

my- h'lmm-i^ji i o i ics^ii^n^ n 

3 0 7 ^^tSo mmmKtHi!l(0 n Flcgi^ 
^nSo U-t-y hy-hJ^t;tii:^^V:t-K3 0 8Tii 

?ijixi/"x^*^Sii4S-r^o i2:>s^^n >y ^^uTxnEit 
ms.&mmRUf^^3 14,31 5{cj;t)ii?ijui/*x^ 

iiS?3 1 K 3 1 2fi:-^^5cii:{cJ:t)^fT^n?.o ^ 

[0 0 3 7] ^±yu-L.-ty-^mmLim(Dmm^j:m 

Bimmmm^ (Time Delayed Integration) (TD 
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micimmf£ti^x^^6oo 

[0 0 3 8] ifeT<DJg^Ci^^7b-A^.-fey9-Ma 
^/^■$i—yMm (image Fixed Pattern Noise) (F P 

N) ^fg^L. ctm^^^immicimm^^^^-y^^ 

10 1^—14 (image Fixed Pattern Non-uniformity) t^lf 

nso ^m-mi-ty^f^m^-DX^Wit^^mcom^^ 

^^E^3 0 1 {cJfl^jASn^-f ^/^^ Fn>-t;l/^t> 
. ofc^^7^-A^-t>'-9-*,$rcaFPNfcJ:5M«^ 

§tt§o ^1^. -r^^z-^^hny-t^KDW^ftim^FP 

E^JU>?X^3 17 (010) *^09®e^JUv'*X^3 
0 5{C5JD^^P)n5o B^J^S^X:Jr3 1 7Jj:*5l/''T, 

B^ij^D-r y ^ ^ F D y -fe;!/*^ b^y'T. ^ til / - K 

20 3 0 7 ti^mm 3 0 9 (OEtutC^ltStlSo 

3 0 1 (D^ y^^^ htiy-t)l<D^Uy ^mi'^tm^i^fS 

^^^mmLxmmm^^m^?>m lv^m^-^-v^^ 

m3\\y'y7.^Z 1 7(D-Yy>'^^ ha>'-fe;WcJ;»3-%-x.e. 
n-5o «?lr(D#>'^'!r>y M±it51Jbv^7.^3 1 7(D|p11:-1' 

m^l\yi^X^3 1 7a^Jnf5I^^^F PNtfg4L^l/\ 
[0 0 3 9] iI5lJUe^"7>i5? 3 1 7€)ifi{i^^S]E^cOU 

(D'>x;l/§S{iii^JU'V>'X:5?3 1 7 tDft:^gti:cD^i2^M 
T'S^o immc. S^JPS'*7.^3 0 5 (09) S/cti 

m.miy>^7.^3 17 (HI 0) ttm3i{i:«^^^tiii'iS3 

0 9^aLT3Mtli-r5<};9{e^D'y^$n§o bv'X^ 

3 1 lic^i^x. ^yf^i' vuyMMtmM^^^<D\k 

[0 0 4 0] 'imB^<D-\iy^\.tyV-LmM (Frame 
40 Transfer) (F T) ^•fe>'-9-i:B?tfn^o ^O-fe^lftC 
fel/^Tr£14Ei|? (^J^{m^3 0 1) «jim2-3CDEli 

igc3 0 1 ^w^LTi/^^v^ ifmmzMi. ±gi5iza 

(I19(D3 0 3) tfi-l'y/^^' ho>-t;V;?)'5Stt5)tl, 
TSPE® (09(D3 1 8) (Cti)g^p-fe;l/l 0 1 (01) 

50 ^ffiit-rsoT'S^^^^rUiiiififn. -iimh^^mt 
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^^^(om^s 1 9. 3 2 oicmmt^o yu-Lmm 

^-b>+i-i±^^7 Agate fl^Tv^§*\ yu-L.m 

•j^fT^Otl^CteliT'. fl??fOS!lXDjbWtU (f 10 

[0 0 4 1 ] ^^ftlE^{c^*(D-tr;l/ 1 0 1 ^t-^. ^ 
'J E^cD^ttc^ ^//^^ h p y-tr;l/^ o fc7 U- A 

[0 0 4 2] L*^U 01 0fc^^nSJ:3{i:^^aiE 

(full charge multiplication gain) ;^)'^iE^Jl^v^7>^' 

[0 0 4 3] m^^iffgcDag^fiM© 1 Oti. nV / y 
+ (Kosonocky) <D?RHi|tflFlg 5 , 3 5 5. 1 6 5^tC 30 

3 5 5. 1 Q b^\am.^■^nrc-^<r)mmmm\^'^ 

[0 0 4 4] iS7b-Am€ft]©1i:l;{i^.€3tM**'' 
7^^U{i:I^65{i:l^a<7)iIJiJ-M?iJ-E?iJ (SP 

^tc-ny^mmami imraxT«t>^<ap-e* 

§0 -fe>-9-E^{ivtvh-fe;l/3 2 2 0S2?|J. #vtsh-fe;U3 
2 2 fC^S^^nrc 3 -M*?^^^^/*^^ 3 2 5. RZ}^ 
7kW- Ui^T.^ 3 2 5 fciS^^tlfc 3 X 3 y/^^ h P y 50 
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-fe;l/E^J 3 3 2 ^#t?o zk^Uv^'X^? 3 2 5 © 1 

0 1<D * 3 *S:*:-b;l/^ff© 5 0(D:^2i CCD -tjl^-^ 

0.331 <D3^ti''^tn^o * h-t;i'3 2 zifmin-^n 

^\ ^l^iy^^S 2 5 0II1 ©-b;l/3 2 3lit-h-t)l3 

[0 0 4 5] 01 l(D-b>'1fOi!)f^ti:*5i^T. *h-tr;l/ 
3 2 2)b>e.OSm^i'JiEL<7j<Tb>'*X^3 2 5©^ 

1 (DbS/'X^g^3 2 StCfeM^n^o 7j<TU>^X^ 3 

2 5 tiMBiJIE L < ^ P ^n:i-^ h ^- F 3 2 2 

tb(n)mM'^^vV^vV7.^(j:>T'HY^v^y3 2 eicfp] 

*>-pT^3i-r^o 30£Dlii^(7)tt^^/-?'y>y h^Wbv' 

3 2 5 ^T:^t^i!j^ nrcm. ^ y^'?^ h p >ss?ij 

3 3 2 P -y ^ *nSo z. (m'^\,m^nw 3 

ocD/^^r-'y h^i'y/^^ hpyE^iJto^ 1 (omic^Wst 

-Di^T'Z(Dmmt)'i3mmKim-&nT'<y^^'^huy 
Mm^<Dm^ (p-x^-y^-) timit^. mm^^^ 
j\^ijm7hrzm. ^ h p ymmc^mntzmm 

ii-^y^^^huy-Hfi^^tm^^i^Vt-DXi^mt^cii 
{e:j;Otifg$n§o CKDW^fev^Tti. -fey-y-til^^fc 

sv^7 u-AjifiTsai^nfc 9 ocDS^i-r §^7 
A*^*&«ft$n«o*-psSo Eaiiisti 1 1 0 

P S ^tU^lt^^MW^?6(C;^atD7U-A^1§ 

}ClSv>7U'-AjigTSffi?nsa^Lfc4. 1 6. * 
fctt 2 5 CD7b-A^1gJft-et 5-by-9-^ff §fci6{C 3 
-M*7J<¥Uv'X^f 3 2 5i:3x3'ry>'^^hnyE^J 
3 3 2^E(DJ;:^im^t^t\ '^m^iaii^i3^^X& 

[0 0 4 6] 'ty^mBut%^-7\y-L.mm.(omm\. 
K^m\c^<mzm{'^X'^^o -r^^'?^ hpyiB^ijs 3 

2 i:7j<^H?"JU->*7>^r 3 2 5tt-fey-9-(D)Sg|5fCfiiH1-§ 

lg^P>y^?n§o ^^tOlST'. tli:'3b'>'X3fA^S^ 
Wc^p<y^$tiT^T®x-^^<tUi7-K3 2 9JC 

Siiu ^ii*^6)tti:'3ii'|ii§53 2 st^i^-r^o ^t<d 
x-^A^ui^T.^ 3 3 zf^hmmzntzm. -iyf^^ v 

P>SE^J3 3 2i:E^JUS/*7;^3 2 5*Wi'P-y^? 

[0 0 4 7] iMiommK^^^x. ■<yf^^Vuym^ 

\>t^y^^m^^^t^tz}b^mmt^m5. 355. i 
<0»tiffijicD/c46*si§-r§o ^Ka#8t^5. 35 

5. 1 6 5#t±±iE4:S*5ej|flc{Iffl^nS]f3iMtH 
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[0 0 4 8] -I'y^^'l'ygJM (Interline Transfer) 

(IT) mmtmm?>m<Dmnmm.mi^ii. mmmm 

[0 0 4 9] 01 2fCfeV^T. -tr;l/4 0 1 {i@502 0 

L*^L-fe;l/4 0 1 tioVTJi. •t;I/4 0 l cd^^^;I/ • 10 
7.h<y/^4 0 4{i-fe;l/2 0 1 • Xh>y/'^2 0 

6XK)4micimfuVh^o -tr;l/4 0 i tD5^-\'^>;I/ • X h 
«y>'^4 0 4 (DjiSPifig|3^{i^-\'^-.;I/ • X h -y/M 0 4 © 

F (pinned photodiode) . i^a 'y h^>''^'J 7 
^h^V^— K (schottky barrier photodiode) > ^ 

4 0 7 ^/rtTHitC C Df-^^^;l/4 0 9 fcfeii^n 
So gjM^-h 4 0 7ttjtJg*^n<y^/^;bX0ie 

i&-r?.^asS4 1 3tg;^?nSo •fe;b{i,®^E^4 
0 6±m.mmmftmti-^^mm-^n^o mmit 

y-h^ia4 0 2. 4 0 3. 4 0 8. • X h 

/^4 0 4<DXo 2 0 i oiilli 
^lijgtCilg^^S-rSo ^MSS4 11.41 2«$fc 

■tr;!/ 4 0 1 tfelt 5 i:[5|1i©a6<){ctSS:o„ 30 
[0 0 5 0] -ry/^^ Fny:gjg-(:-^V^-t;l'4 0 1 feS 

rc^y^^y-fy^m (i t) -fe;i/i:Wtis l^1i(i:^< 

0 i^^ao-i'y^7i'yejM-t;i'0^tt(DiliIPi^x 
'<y>%'pYxiy ' ^y97^ym-&^)\^\ o i^j^fiEU 

uv'x^4 ogoYy/^^hny-tr^i/tjsv^T. ^n*^ 
CCD ^-;^x^ iiTk^SttU L Uv?x^cDM73{c-r 

§„ ■fe;b2 0 1 ^m.^^7LX^yf^^ Yuy • -^y^?^ 
-r>ig3M-b;l/^7U-AgjiHi3i{ciB*^5ityi:. frLv^ 50 
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7U-A • '<y^'7^ymm. (F I T) 

So 

[0 0 5 1] -Yy/-^^ hny-b;HiL07b— A • 

RTIgT'^SSo 0iJ^tf. '^■t>'-9-E5'J^ 1 JiJiD'i'y^-?^ h 
ny ' ^y^^^ym&-\L)\^<Dh-ts^^m^-t^h^. i 
0(D5IJ-b>-9- (line sensor) *^JI^^?nSo 
[0 0 5 2] -ry^^^hny:^3g>&?fJfflL;rcm-t>'+l-(D 
fficD^*;l/-7'}i?£14®^ (Active Pixel) (AP) 
tBg§^fflv^/c^*;l/-yT'S§o iitie>(D-fe:/ti-tia#C 

M 0 s iass^Btc J: !3 {'^ ?) ns <0T'-|gt c m o s -t :x 
CMO s-fey^J-oi^Sv^iii^oittBLtii^i)., ccd 

m:m^\(D^mmm^m.f- v nmc^x s c t j; o 

itilii$nfc:M^*S!tH-rc:^{cJ;D#P.n§c CCDS 
HtC Itii t T C M 0 S -t y +)- « S S ?IJ;^.^ t -3 T S o 

[0053] y(y)\^Yu ^igjitDSttli^-b y^t^o 
ffi*^ii*^tcot^T0 1 3^#MLTlJi0§-rSo Hi 3(i: 
*5V^T. iE^J<Di-o(Dii^5 2 5tie5t^$nfci'y^-^^ 
hny-fe;l/;&ia*^jiA./£g14-b;l/fl^5 0 l^#tfo -b 

Mm 5 0 2 i:«#tifg>)-- 5 0 6 
t?o 0 5{i{S,««®gi^VET'SSo jgttm^S 

0 1 ©MiJtcSSfSltli^ 5 2 5 ©EJIcliiif $ t < tif- 
Xh-y.'^i:LTJ^fiR:^n5o -T^/^^hny-t 
$ p. ^cgJiy- h 5 0 3 . n ^TiMMMm^ y 
-K5 0 8. U-fe-y hy-htt<i5 0 4. J^Q'Fl^-ry 
5 0 9*#Cyo ?£1tiii^a->y F-t;l/5 2 5li^6{C^ 
mh^Vv^X^'5 1 O&I>*0SCtC5^?nS7KU'Xj§^ 
h^yv'XiJf 5 1 1 ^^tJo 

[0 0 5 4] 01 3£0-tr^^-9-(Dftij{C*3V^Ts 7ieS<^« 
<SS«^V E 5 0 5 (}yY1S<^^Wy:^Mr.%m-^^^. 

Lfcm E^i^ 5 0 5 <OTU(0^flfi'^:L)UZ 

mm-^nrzWMitm^^(opa < f«® 502. 5 0 e 
im^^j:^y^^'>hny':7uy^nE^mat^ctic 
.fcom^nso tifg*^^7Lm «?^tiEftihvy 

v'X^rS 1 0O'y-htg^^nfc1^tB/-K5 0 StC 

ItoJM^nSo S^»]F5>e>'Xi5f 5 1 0(Oli!,tiy-VliT 
KbXj§^hvyv>"X^5 1 1 ;&:n-LTMS^.^ia5 1 
4tci|£^$nSo 7KUXJi^hv>'>'*X:5f 5 1 1 

mtn^t. mmh'^yi/T.^ij'ibOiiitimmth^y 
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'J 7.^ 5 1 1 ^^>bTEJiJ(0SiI.€Ma5 1 \ 

"yhd mM mTLmmm^^ \ 4) tcggg^n^o 

ME^B^S 2 UiUS 1 2^^LT^Ii«Dh^>->* 
5 1 1 ^'mmiCWKQi'i\, 0 F F LT. SS^S 
^llf7-r^o ■l^Tbl^.a^tih^yi^'X^S 1 l;bW* 
OF F{C^n/c:lt^^;U7.A^9lilP?nTy-h«1i5 0 4 
^U-t^yhb. ,^^7-F5 0 8^KU-ry5 0 90« 

1 3{i-^6^tJi^^U-t>y h«Eb-^-'Ht^ 
T^n^o LTs ilS5 1 SfiZficDge^^fT'Po 1 

X^^U *>-5 lOttU-lr^y hKi{t©H»¥^W7X 

^ F b-f > 5 0 9 tc«*&-r -So 7l<5F^St§ 5 1 9 tiffi^^J 

X-f-y^^S 1 StC'gt^U ^^©SS^^n^S 1 4JS:a 
i^-^'mM (Active Pixel) CMO S-tyi^-cD^a^f^ 

[0 0 5 5] wM<r>fz.^^m<T^mm^^^<.(jymm^ii 

^it (anti-blooming) mii:^)'«^^t5.n§c 
— 7^7D— FIx-YV (Lateral Overflow Drain) (LO 
D) (ic{c|2«(Datifcjiffl-i:-t§^(0J;^ 
^^iiOlOjbVN^^X^' (Hynecek) ft&(DJKH1t^ll 30 
5. 4 5 3s 6 3 2^tf2^^nTV^^o ^©F^g^# 

^jgti^if S L < tiia 1 4 tc^^n^.'i' ^7^^ F D >-tr;l/ 
O^"^^;!/- XF-y/^IBlgecDlofiiBaa^nSo 01 4 
{t*5V^T. •t;I/2 0 1 • Xh-y 7-^11^2 0 6 

©±fc{uB-ri):i^U j/ij nyy- h«@2 6 ORtf^- 
F«il2 6 0(DT(i:SJ6jA* n/c (-oy^yh^ti 
/i) jS^*:j<n:/[^gSji?^^ (Boron Barrier inplan 
t) 2 6 3^#t?o y-FttM2 6 0«n + FW>M 

^^si^-r § ttJ^rffip 2 6 1 ^#t?o F 2 e 40 

4t±y-F«®2 6 Oftigili^n. ^ii;b>8^MiiStCcfc 

7^7n-FW>'5S?2 6 etgii^^n 

5o il£r)j:9tcLTs 01 5fc^-r<fca^SSC-C* fc 

[0 0 5 6] ^;^|Q]:t-7^7a-FU'f y©i){^(C*3V^ 

?)ji^^7<^^7X2 5 7 (01 5) tt1§ffl7x;l/ft^i« 

i^*^{KS,«<iV E 2 0 5 (014) cDT73©1glfi'i7X;l/ 
t.1?n 2 6 3 (OWBlXS VU^y2 6 4 fcEdSP^ 50 
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n§7W7Xli:d; 0}*46etl§U'^;l/2 5 6$T'^»-r 
?>ts ^^/b^FWMcgijtiji&feSo <in*\ 

S*«i;(±tc LTg«®:/;l/-5:/^*^|5Sil:-r§= 
[0 0 5 7] :7;l/-5y^*K±<DfficD-ISWfl^^(±SiI 

t-.f<i7U-}:U^y (VOD) T'fe-So gEfiKOSB^ 

ii(Dmmitimmcn-m(Dmmz6z±ici'f^n. c 

CDga«01 5tC^?n5M^^p-'i7X;l/2 6 5tC 
EE^nSo CC0^jitt7^;l/^^4B|SgS (bulk gener 
ated dark current) (DM.'PiC^9)}X^h^(Di:\ ^JxS 

jt;t-7^7a- ¥u-fytmm.mi^imL^j^<r'Lmm 

■r-5iii:*^T't-5„ ^'^7'^^ hn>-t;l/4 0 

1 *<SE^-70n-Fb-r:/«jifcEaS[-rsc:i:*a 

[0 0 5 8] «3fiK)g^n/cM* (TC 3 0 1) tOV^ 

T. (o#;UF (V) ) lcmr^^ny^mE(om 

«#JMf^^7D>y^ : +2Vi:-4V; 
«?^t^fg^n<y^ : + 1 8 V i:- 4 V (SU'^MiS 
%§y-ry*^£^g^i:t^MT't§) ; 
If - y7f,^^7;^^^;l, : _5v 

[ 0 0 5 9 ] 0 1 6 tcfeiz-'Ts ^yf^'^hu y-bMtM 
mcB^-^ni-'^^^Jl •7.F-y7^604i:6 0 6(DmiC 

K mz<D^-hmm6 0 2. 6 0 3*^tyo mi. ^ 

2£Dy-Faffi6 0 2. 6 0 3t±^n^n^K mz(D 

y-F«s©±®0^3ibTP?fiP6 2 1 ^ma^m 1 . 

^2«DU7'-i'4^il^— i^a y (reticulation) ^tOo 
«^^m^-h«®6 2 2{i^<75P,gn±t*eiiLTE§ 
^n§o ^2<D^"-F«gi6 0 2. 6 0 3ti^n 

^'n^K ^2(D.-}<U>";=i>MA^?.{t?.tl. 
y*-F«1S6 2 2tt^3<D;J^<Ji^U=i>ii>!)^e.{^5)n 
5o ^2©y-F«fii*«I^S®f®D-D' 
1 7{e:0^^n^o 

[0 0 6 0] 01 Hc^i^^r. KMt^^^Uv'Unyy 

-Fm@tt^<DP^tcjsi^i%7 0 3A^^it?.n> fi^osu 

^ (;j--7^— 7^yy) 7 0 4^f^5J:^l-J]^fi!c?n5o 
ii(DTOiS«7 0 5<D±tc{t5>ti5„ ^1 coy-F« 

@7 0 1 t±«tiF^ig^ti>b%M^n^Butcm 1 (Dr^v -y 

U:3yl*^e,{te,n■5o '^OXST\ ^2CD'y--Ftt@ 

7 0 2*^S2(D.-KUi">)3»i*^p,^t?)nSo 01 eic 
1, mmmi&mvui. mz<o^^viy'j:^ym. Rzfm(om. 
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[00 6 1] 01 8iHi-fy/^i7htiyy-hmm^B 
y^v^-f^^^jfflRrm^Bs p^ntto. is^py 10 

[0 0 6 2] mi 9{CfeV>T. -ry/^^ hD>'-fe;Hijg 
{iSffifi:jgfig$nf-+^-.;i/ • X h y/^g 0 4. 9 0 6cD 

K ^2. ^3 0'!r-h«<i9 0 2. 9 0 3. 90 7>& 
#tfo ^3©^-h«<i9 0 2. 9 0 7{ilgl© 20 

7-^^3.\y—'yBy (reticulations) ^t>Oj;-5t}^ 

fi!c?n. ^2cD';r-h«;^9 0 3{i^2CD:i<U>";3> 

UK ^2. ^3(Dy-hS@©±ffi0^jiLTrjgP9 

2 l^J^fi)^i^H5<t9^cLTv^5o «^srii^y-hmii 

9 2 2 fi^ 3 CD 4? U U n >';^)^ ?> . MffiMPOiti:^^ 

V D y-fe/l/^jg^&Eg bT^ ^m^^V- 9 30 
2 2(DT7^0rjgP9 2 1 lcfSiiOr^ll^t>o/c:jiiaoy 

^5do ^Jk.{^, ^-h«<i9 0 3^20£DPiglL/cy 
-h«Si903A, 9 0 BB^iJ-fiJUT. 01 gtO-fy 

[0 0 6 3] ±fBiji0-a{i±i:LTp-iy>'Ur3>'SSi: 
SiOj^a^tMLT^^nfc:*^ ^'U-^/A- tiftl^. 

♦ i/U-y-'T K • :y 3 • /-^U 7 • ^'T^- KT 

[0 0 6 4] 1i¥®;?J^-7^';l/^?IH?iJi:/>§yuyXE 

T't?)o coitiittli-ry^'^^ hnyliii{c5S!|t(D'e,<D 
^hDy-b;Hiai{i^^cDmv^*v-#-^?1ttli (S 50 
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PD) ^-fey+J-^Sji^RltgtCU CcDcfc^tCLTfg^ 

[0 0 6 5] sf^(D^siM«DrjS?N^nfcrtmcj;ntf« 

t-mmt^^^^Ji^ • X h -y/-^ ; Ra*'>^< i: 1 1 

[0 0 6 6] if^<D*jSMcDftiogg^$nrcrt^tcj;n 
tftiTjb^^fii^n-s : ili«i?*9JiinLT««S'f':ty{k* 

[0 0 6 7] mmommmoimmB-^nrcp^micxn 

{b^iS^-r^i:i:<DT't'5^^U7igfgflftlc^#^5j^. M 

[0 0 6 8] ^m(oMMm(om<Dm^s-^nkfym^i:n 

^l^-e*/cnWr'*<. (single-event) Offi 

[0 0 6 9] mm(Dmmm<om(om^^tnr!ipimc^n 
cDxs^#^> Mi2iStti^fHiE«*-xgo««-r:i-y 

[0 0 7 0] mm.(o%mm<r>^<r>m^^^tc\Hm^^ti 

mTis^^^-^n^ : ^si:fc/U7x$nfci:t. 

<fc9(oEB^nfcii^*< 1 -D<Dm.mM ; tu 

figLTfitSL. tufB«@*fjb^MlB^«f*M)^Jc®^-r 
«!»'f:i-y'fl:^^ci-rtc5S^^i«$0WO^il? 

[0 0 7 1] mm.(Dm^m(oimm7s<-^ntcp^n\c^ri 

{fl^T*W.$n§ : '>^< i:t 1 oco-t;l/^#ty-by 
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^^'^■^)U(D±ic^n^m^^Tmmmzmm^ti. ma 
[0 0 7 2] iT^oiii5Sfiaj®ffi©r>g^?nrcrtS{Cc}:n 

Co 0 7 3] ff^g©^ssM©ffi©ra^?n/crt^{c<fcti 

iii: ; tufB*Sa«l'i7x;l.i:tifg'J;x;l/(Dr^{c#^E-rsPig 

■j7x;l/{i:feiM-r^i:i: : ©^I^g^^t?. MIB^Ifl'i'x 
[0074] 

©if Ji«:g:«|^# ^ < cD}iraS5H fc {iiEJ^ 

[0 0 7 5] m^\i. fM7rs-inrz^^^)7m^m^it^i 

i2<D{i}gfi)cgB1i3i©®H{C|5g^$nS«,(DT-^<, flk 
[0 0 7 6] ^(Omt LT. fJ3^^tl/c+^ U 7^^m 

[0 0 7 7] ^(om^^f^mLx. m®f-Ym.m<Dm. 
[0 0 7 8] :^m(Dmm(Dnrnas\,^xi>. h^m'^a^ 

L:n^ii*]S©f5infeiE6i:feffl^ "means fo 
r" (Omz participle *^^< tDT'^ltnif> ^Sltlf 50 
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[0 0 7 9] 1 9 9 9^8^3 0BttiM<O*H^ 

«iaisi#^ 6 0/1 5 1. 3 7 0 <Dm.9m^im-^o 

[0ffi(Offim;S:iiB^] 

m 1 ] S£*S'*l5Kft^W<ogE»liOC C D-fe;KD±ffi0 

[0 2 ] 0 1 (D#.¥6^-tr;KD»fS^fi?f^mS<Di5iBJ 

[133] SKDSiB-B' {C?{}-:jf£^2pW-b;l/0»f® 
i:. 2 00S^§':f-h/W77.^mcfctt5^<0:^[Bl 

[0 6] 0 5{c^5ti-S-r>/-^^ hay-fe;l/(7)^ffi^?I 
[07] 'Ty/^^ h-b;U;?'i'5y^*©3o<DM*-S-9-'i' 

nsw^^ii^Ma©^ x;i/*^-r-ji5W^5f I' = y^*0® 

[09] ^^7U-A^-fey-9-i:7b-A^j||CCD® 

[010] *5lH^lc<i;;ssiJ(7)ii^]Uv'7.^?ci±®0o 
[011] -ry/^^ hny-t;l/^iii^^tyiSjgCCD-t 

[01 2] *%H^fe:J;§'i'y/^^hn>iljg;&m*ijiA, 

[013] «?!I^W^SIWcj;S^yy'^^hnyliii;?:ffl 
*^ii/uf£?g14ii* c M 0 s ^-fe y^om^lo^iiL^jKD 

±mmt mmt s [eii^^^-r 0®. 

[01 4] mi^\^t-^'^yu-]^\y-(y ■ yjv-^yf 

m±m7^^m3i-jhA.r£-mm^y^^-!^ hD>mffi-t;uo 

±M0o 

[015] KffiililC-C' k:?4}o/'£0l 4(0-t;l/®®f® 
[01 6] *f|B^tCct;§giJ<D'ry^-?^ha^/-b;l/^3i«D 
[017] 'O'/-?^ hPV-t;l/(Dy-KDa*5^ig!^ 

/T^•r 2 - :K u . 2 - 'y^- h i^mmmmo 

[01 8] -fy^^^huy-^iMc^if^. SiJO¥S^* 
[01 9] :^mmizi:^Wiy-Cy^^'^Vuy-t;\^mit(0 

±ffi0o 

C?f^oSiBj] 
1 0 1 #{it-b;l/ 

1 0 2. 1 0 3, 2 0 2, 2 0 3, 2 2 2 ^-hMm 
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104, 10 6, 204, 206 

1 0 5, 2 05 ummi^^ 

112, 21 2, 70 5, 805 

1 1 8 f-hmmi!^ 

1 1 9 IE?L 

2 0 1, 3 3 2, 4 0 1 ^y^^^huy-iz^v 

2 0 4, 2 0 6, 4 0 4, 6 04, 6 06 =f-^^Jl 

9 0 4, 9 0 6 =^\^Jl • Xhy/-^ 
2 1 1 

2 17, 218 mnwrn 
2 2 1 mn 

2 6 4 ¥U-^y 

3 0 1, 5 0 1 m^mm 
302 mmmm 

3 0 3 -tjimn 

304 -fy^yj.-7. 



(14) ^g||200 1-1 2 72 7 7 
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*30 5, 31 7, 32 5, 33 3, 409 Ui^X-^i 
3 0 7 ^tffi/-K 
3 0 9, 3 2 8 iilitg 

3 2 2 .t^^•fe;^ 

4 0 2, 4 0 3, 4 0 8, 5 0 2, 5 0 3, 5 0 4 ^ 

-hmm 

5 0 6, 6 0 2, 6 0 3, 6 2 2, 7 0 1, 7 0 2 ^ 

-hmm 

8 0 1, 8 0 2, 9 0 2, 9 0 3, 9 0 7, 9 2 2 ^ 



10 



-hMi 

4 0 6 
4 0 7 

4 0 9 

5 0 8 
5 0 9 



c CDf-v^-;i/ 



5 19, 5 2 1 
5 2 5 



X 



104 



106 




101 Wi&c c Diz;u|SJC ) 
102 



I I 




102 



\ 1 1 




♦ ) 










) \ 


B 






A 




B' 
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(15) 



m?M2 0 0 1 - 1 2 7 2 7 7 




108 



^mzoo 1- 



127 zn 



[03] 



118 




IS 



\ 



[05] 




223 



A' 



!|trjg2ooi-i 21 m 




[07] 



-T<aa (ZSS) 
«an(2SS} 

(eso) 




[08] 



8' 








2^ 














n 




n 



(19) 



1t^2 0 0 1-1 2 7 2 7 7 




^mz 0 0 1 



-12 7 2 7 7 



imi 2] 




*ia-feju "x" 
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#182 0 0 1 - 1 2 7 2 7 7 
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[01 4] 




223 



imi 9] 



902 




903 



907 



904 



